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ganglionic block in hypertension 


to reduce blood pressure and relieve symptoms —a new, potent oral hypotensive 


Extensive clinical use has demonstrated 
Methium’s ability to 


1. reduce blood pressure to more normal 
levels 


2. relieve hypertensive symptoms 


3. provide symptomatic relief in some cases 
even where pressure cannot be lowered. 


An autonomic ganglionic blocking agent, 
Methium (hexamethonium chloride) inhib- 
its nerve impulses that produce vasoconstric- 
tion—thereby causing blood pressure to fall. 


In successfully treated patients, receding 
pressure is accompanied by relief of head- 


ache, dizziness, palpitation and fatigue. In 
other cases, where blood pressure does not 
respond to therapy, symptomatic improve- 
ment may nonetheless be noted. 


Methium is a potent drug and should be used 
with great caution when complications exist 
—impaired renal function, coronary artery 
disease and existing or threatened cerebral 
vascular accidents. Complete instructions for 
prescribing Methium are available on writ- 
ten request or from your Chilcott detail man 
and should be consulted beforeusing the drug. 


Methium is supplied in both 125 mg. and 250 
mg. scored tablets in bottles of 100 and 500. 
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PREGNANCY 


MOTION 
SICKNESS 


POST- 
ANESTHESIA 


RADIATION 
SICKNESS 


APOLAMINE 


Investigations prove that the antinausea drugs show a higher 

degree of effectiveness when given together. 

Apolamine is a balanced combination of effective antinausea agents 
for a more comprehensive four-point control of nausea and the 


vomiting reflex. 


the patient's nervousness. 


CONTROLS THE CEREBRAL VOMITING CENTER 
With a gentle sedation that depresses the vomiting reflex and relieves 


CONTROLS EXCESS PARASYMPATHETIC STIMULI 
Which give rise to salivation, gastric hypersecretion and, in turn, vomiting. 


HELPS TO CONTROL METABOLIC FUNCTIONAL IMBALANCES 
Provides the vitamins of the B complex which tend to reduce the incidence 


of nausea and vomiting. 


CONTROLS LOCAL GASTRIC IRRITATION 
Minimizes the nauseous reaction to various foods by decreasing the sensitivity 


of the mucosal lining of the stomach. 


Each tablet contains 15 mg. (1/4 grain) Luminal®, 
0.1 mg. (1/600 grain) atropine sulfate, 0.2 mg. 
(1/300 grain) scopolamine: hydrobromide, 0.1 Gm. 
(1 1/2 grains) benzocaine, 4 mg. riboflavin, 
2.5 mg. pyridoxine HCI, and 25 mg. nicotinamide. 


Apolamine is supplied in bottles of 100 tablets, 


trademark reg. U. S. & Canada, brand of phenobarbital 


New Yorn 18, N.Y. Winosor, Onr. 
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The American Journal of Medicine 


Vol. XIV. JANUARY, 1953 No. 1 


Editorial 


Present Status of Atherosclerosis as a Derangement of Lipid Metabolism 


ALEXANDER B. GUTMAN 
Clinical Studies 


Cardiac Catheterization in Interatrial Septal Defect 
RicHarp S. Cospy, GEorGE C. GRIFFITH, WILLARD J. Zinn, Davip C. Levinson, SIM 
P. DimitroFr, RoBErRT W. OBLATH AND GEORGE JACOBSON 


The authors describe the clinical and cardiac catheterization findings in ten proven and seven 
probable cases of interatrial septal defect, stressing in particular the pitfalls encountered if the 
catheter is not passed through the defect. When interatrial septal defect is the sole anomaly, the 
findings depend in large measure, of course, on whether the shunt is predominantly from left to 
right or from right to left, according to the pressure gradient between the atria. How the direction 
of flow affects the clinical findings is brought out interestingly. 


Precipitation by Pulmonary Infection of Acute Anoxia, Cardiac Failure and Respira- 
tory Acidosis in Chronic Pulmonary Disease. Pathogenesis and Treatment 
DaniEL J. STONE, ARTHUR SCHWARTZ, WALTER NEWMAN, JAMES A. FELTMAN 

AND Francis J. LOVELOCK 


This study brings out a number of important practical points in the management of patients with 
emphysema in whom acute anoxia, cardiac failure and respiratory acidosis supervene as a result of 
superimposed bronchial infection often not accompanied by fever or leukocytosis. The dangers of 
uncontrolled oxygen therapy under these circumstances and the advantages of concomitant 
artificial respiration are pointed out. 


Pulmonary Function Studies in Bronchial Asthma 


I. In the Control State 
J. Aaron Herscurus, ELLIOTT BRESNICK AND Maurice S. SEGAL 


II. After Treatment 
J. Aaron Herscurus, ELLIoTT BRESNICK AND Maurice S. SEGAL 


Pulmonary function studies in patients with bronchial asthma between attacks, and ostensibly 
quite normal, reveal a surprising degree of impairment in performance of certain pulmonary 
function tests such as maximum breathing capacity. The results of such tests, described in detail 
in the first of these two papers, imply a substantial residue of persistent bronchospasm and em- 
physema in many asthmatics in symptom-free periods. The second paper describes the effects 
of intravenous aminophyllin and bronchodilator aerosols. Some tests reflect the beneficial effects 
of bronchodilation, others indicate failure to influence the more permanent changes in the lungs. 
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*in musculoskeletal pain 


relief that is 


f prompt - prolonged - prescribed 


APAMIDE 


TRADEMARK 
tablets 
(N-acetyl-p-aminophenol, AMES, 0.3 Gm.) 


\\ analgesic antipyretic 


rapid direct action—no analgesic lag 
inherently well-tolerated 
especially valuable in salicylate intolerance 


indications: Muscular or joint pain, functional 


headache, dysmenorrhea, respiratory infections. 


pain relief plus sedation 


tablets 
(N-acetyl-p-aminophenol and acetylcarbromal, AMES, 0.15 Gm. each) 


sedative - analgesic - antipyretic 


non-narcotic and non-barbiturate 


safer control of pain... R only 


Apamide or Apromal: Adults—1 tablet every 4 hours or as 
required. Children over 5— 14 tablet every 4 hours. Bottles of 100. 


Samples and literature on request. 


Apamide and Apromal, trademarks. 


AMES 


COMPANY, INC- ELKHART, INDIANA 


Ames Company of Canada, Ltd., Toronto 
45953 


4 
4 
D> 
4 
: \ ~ 
| 
= 
a 
, 


CONTENTS 
The American Journal of Medicine 


Vol. XIV. JANUARY, 1953 No. 1 


Contents continued from page 3 : 


Paradoxical Result Obtained with the Hickey-Hare Test for Diabetes Insipidus. With 
a Note on the Regulation of Chloride Excretion ; 
J. MAXWELL LITTLE, ErNEstT H. YouNT AND WEsTON M. 41 

This paper deals with anomalous results obtained with the Hickey-Hare test for diabetes insipidus, 


a test which is based on the response to intravenous salt loading. The discussion, particularly in : 
relation to chloride excretion, is of interest. ws 


Temporal Arteritis. A Critical Evaluation of This Disorder and a Report of Three 
Cases . . . . JoHN K. MENEELY, JR. AnD NoL_ton H. BrcELow 46 


This interesting disorder is discussed from the clinical and pathologic point of view for the purpose 
of sharper definition in diagnosis. Three new cases are presented. The authors properly object to 
the unhappy regional designation of this form of arteritis and suggest as alternatives ‘‘non-specific 
granulomatous arteritis” or “granulomatous arteritis.” 


Review 


Effects and Treatment of Nerve Gas Poisoning . Davin Gros anp A. M. Harvey = 52 


This paper gives a general account of present knowledge concerning the action, effects, preven- 
tion and treatment of poisoning with “nerve gas,” which is representative of a group of anti- 
cholinesterase compounds. Considered in detail are the muscarine-like, nicotine-like and central & 
nervous system effects and their implications. 


Seminars on Blood Coagulation 


Mechanism of Blood Coagulation in Normal and Pathologic Conditions i | 
. Mario STEFANINI 64 


From a welter of conflicting experiment and terminology, there is emerging a clearer understand- 
ing of the complex system of self-regulatory enzymatic reactions which initiate, accelerate and za 
finally terminate the processes of coagulation of the blood. While the details of this process are oe 
extraordinarily involved, the underlying design is a thing of simple beauty, and undoubtedly a eh 
prototype of other mechanisms of physiologic regulation. All this Dr. Stefanini makes evident in 2 
an introductory survey covering the several factors participating in blood coagulation, their origin 
and mechanisms of action, the fibrinolytic system, and the role of the several factors of hemostasis 
in primary and secondary hemorrhagic diseases. 


Conference on Therapy 


Conferences on Therapy (Cornell University Medica! College)—Most of us are casual and un- 
thinking in our management of so general a symptom as cough, as this interesting conference 
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Just 1 or 2 Pentids Tablets t.i.d. are particularly effective . . . 
convenient, easy-to-take . . . cause fewer side effects . . . and are 


less than 1 the cost of the newer antibiotics. 


Bottles of 12 and 100. 


formulated for convenient t.i.d. dosage Pe mt | a i) 


Squibb 200,000 Unit Penicillin Tablets 


*PENTIDS’ IS A TRADEMARK OF E. R. SQUIBB & SONS SQUIBB 


: oral penicillin t.i.d. Gree fg 
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Contents continued from page 5 


brings out. In some situations cough should be encouraged, not suppressed; in others treatment 
should be given but varied according to cause and objective. 


Clinico-pathologic Conference 


Clinico-pathologic Conference (Washington University School of Medicine)—This case gave 
opportunity for an illuminating discussion of hepatic cirrhosis and its complications. The autopsy 
findings were of special interest. 


Case Reports 


Reversible Metastatic Calcification Associated with Excessive Milk and Alkali Intake 
PauL WERMER, MARVIN KUSCHNER AND EpGar A. RitEy 108 


An instructive example of extensive soft tissue calcification associated with excessive intake of 
milk and alkali for relief of symptoms in peptic ulcer. 


Vitamin D Poisoning with Metastatic Calcification. Report of a Case and Review of 
the Mechanism of Intoxication 
CuHarLEs W. Witson, WILLIAM L. WINGFIELD AND Evam C. Toone, Jr. 116 


An instructive case of vitamin D intoxication following prolonged administration of large doses 
for the treatment of arthritis. 


Significance of Potassium Depletion in Poliomyelitis 
Capt. RoBert J. HALL AND Maj. JAcQuEs L. SHERMAN, JR. 124 


The metabolic aspects of poliomyelitis are just beginning to receive more attention. This case 
report and discussion of potassium depletion deserves mulling over. 


Morphology of Healed Tuberculous Meningitis Following Streptomycin Therapy 
SAMUEL M. JACOBSON AND RALPH C. GREENE 132 


An interesting report. 


Peripheral Neuritis from Tetanus Antitoxin. Report of a Case Treated with Cortisone 


An interesting report. The effects of cortisone and ACTH should be checked. 
Advertising Index on 3rd Cover 


Change of address must reach us one month preceding month of issue. 
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Hom the nightmarish world of constant sei- 


zures to a happy, normal life is the oppor- 
tunity TRIDIONE and PARADIONE offer to 
many little victims of petit mal. The two 
drugs— products of Abbott's extensive, 
continuing search for anticonvulsants — 
already have been dramatically effective 
in the symptomatic control of petit mal, 
myoclonic jerks and akinetic seizures. 
e¢ One drug may prove successful when 
the other has failed. That is the one im- 


portant variation investigators have dis- 
covered in TRIDIONE and its homologue, 
PARADIONE. Relief for a child is still possi- 
ble if one of the two agents remains untried. 
e However, please do not administer either 
drug until you have familiarized yourself 
with the necessary precautions and tech- 
niques. Write today to Abbott Labora- 
tories, North Chicago, IIl., for detailed in- 


formation. Both drugs are 
available at pharmacies. Abbett 
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1 Middle cardiac vein 
2 Posterior descending branch 
of right coronary artery 
3 Right ventricle 
4 Right coronary artery 
5 Small cardiac vein 
6 Inferior vena cava 
7 Coronary sinus 
8 Right auricle 
9 Left atrium 
10 Right pulmonary vein 


11 Right branch of 
pulmonary artery 

12 Innominate artery 

13 Superior vena cava 

14 Left common carotid artery 

15 Pericardium 

16 Aortic arch 

17 Ascending aorta 

18 Conus arteriosus 

19 Anterior descending branch 
of left coronary artery 


20 Left ventricle 

21 Posterior vein of 
left ventricle 

22 Great cardiac vein 

23 Left pulmonary vein 

24 Left auricle 

25 Left subclavian artery 

26 Left branch of 
pulmonary artery 

27 Trabeculae carneae 

28 Trabecula tendinea 


29 Left coronary artery 
30 Posterior 
semilunar valve 
31 Left semilunar valve 
32 Right semilunar valve 
33 Posterior cusp of mitral 
(bicuspid) valve 
34 Anterior cusp of mitral 
(bicuspid) valve 
35 Chordae tendineae 
36 Papillary muscle 


This is one of a series of paintings by Paul Peck, illustrating the anatomy of various organs and 
tissues of the body which are frequently attacked by infection, where aureomycin may prove useful. 
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HYDROCHLORIDE CRYSTALLINE 


Aureomycin 


Infections Involving 


the Heart 


NDOCARDITIS—Aureomycin has established itself as one of the most 

valuable agents available for the treatment of infections involving the 
heart. Aureomycin is now recognized as a highly effective antibiotic against 
the organisms most frequently encountered in endocarditis—staphylococci, 
Str. viridans, Str. fecalis and other enterococci. These organisms are being 
increasingly found resistant to penicillin and streptomycin. Endocarditis 
caused by these organisms has responded to aureomycin after failure of 
other antibiotics. Aureomycin is held by many physicians to be an antibiotic 
of choice for prophylactic use in patients with organic cardiac disease 
who require oral, intestinal, or rectal surgery, or any transurethral oper- 
ative procedure. Endocarditis complicating typhus and brucellosis has 
responded well to aureomycin therapy. 


ERICARDITIS —The importance of aureomycin in pericarditis has been 

demonstrated by its successful use after failure of other therapy—in acute 
nonspecific pericarditis, possibly of viral etiology; H. influenzae pericarditis; 
tularemic pericarditis; and actinomycotic pericarditis. 


EUMATIC FEVER Because aureomycin is an antibiotic with a wide 


range of effectiveness against the pathogenic strains of streptococci, its 
use has been recommended for the prevention of acute rheumatic fever and 
its cardiac complications. 


* * * 


PacKaGES: Capsules: 50 mg.—Vials of 25 and 100; 100 mg.—Vials of 25 and bottles of 100; 250 mg.—Vials of 
16 and bottles of 100. Ophthalmic Solution: Vials of 25 mg.; solution prepared by adding 5 cc. distilled water. 


LEDERLE LABORATORIES DIVISION 
AMERICAN Goanamid COMPANY 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
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Where? 


in ABORTION 


in ALCOHOLISM 


in AVIATION 
MEDICINE 


in BURNS 


in OBESITY 


in PEPTIC 
ULCER 


in RHEUMATIC 
CONDITIONS 


to help mitigate formation 
of hematomas in 
Rh-negative mothers; and 
in toxemias 


to force fluids; and help 
assure adequate nutrition 


to replenish vitamin C lost 
in hypoxemia or hyper- 
ventilation; and provide 
quick energy 


to improve nutrition prior 
to grafting; and promote 
healing 


to appease appetite during 
reducing; and combat 
hypoglycemia 


to avoid vitamin C 
deficiency; aid healing and 
assist in weight control 


to maintain good nutrition 
without obesity; provide 
purine-free food; and help 
reduce inflammation 


LATE FINDINGS 
on the value of CITRUS 


How? 


citrus fruits and their 
concentrates and vitamin C 
supplement 


vitamin C orally in large 
doses after acute stage has 
been brought under control 


liberal quantities of fruit 
or fruit juices 


large doses of vitamin C as 
soon as patient can eat 


50 calories of citrus fruit 
(e.g. 4 oz. fresh orange 
juice) before lunch and 
dinner 


2-3 oz. strained citrus fruit 
juice in water (or milk) 
at end of meal 


for arthritis, high-vitamin 
diet; for rheumatic fever, 
orange juice 200 mg. daily; 
for gout, diet prominent in 
fruits, including citrus 


References 


Surg., Gynec, & Obst. 
94 :257, 1952 


Virginia M. Month. 
79:70, 1952 


J. Aviation Med. 21:283, 
1950; Mil. Surg. 
108:125, 1951 


Am. J. Surg. 83:746, 
1952; GP 5:35, 1952 


Postgrad. Med. 9:106, 
1951 


Sandweiss: “Peptic 
Ulcer,” 1951; “Low Cost 
Therapeutic Diets,” 1952 


Am. Pract. 2:577, 1951; 
“Current Therapy,” 1952 
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Except for the most severe infections, oral penicillin, in the form of PENALEV 
Tablets, ‘‘eliminates the needle’’ in treating bacterial pneumonia, tonsillitis, 
scarlet fever and many other bacterial diseases, in both children and adults. 
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Preference for Oral Penicillin 


A highlight of the 101st Annual Session 
of the Medical Society of the State of 
Pennsylvania was a panel discussion of 
the more important new drugs used in 
internal medicine. 

Initially, the discussion centered around 
the treatment of bacterial pneumonia 
' with various antibacterials. One of the 
panel members remarked that “‘we give 
penicillin by mouth . . . we prefer to give 
it by mouth.’! Other panel members 
were in agreement that penicillin is the 


drug of choice. “‘The temperature re- 


Jan., 195 


SHARP 
DOHME 


sponsesin the various groups (given other, 
costlier antibiotics)—illustrate the point 


that oral penicillin is as effective...” 


Less Sensitivity With Oral Penicillin? 


There is now no question of the effective- 
ness of oral penicillin except in the most 


refractory infections, such as subacute 


bacterial endocarditis. Furthermore, - 


many clinicians are of the impression 
that, “there is less sensitivity to penicillin 
when it is given by mouth... than by 


the hypodermic method.””! 


SOLUBLE TABLETS 
CRYSTALLINE POTASSIUM 
PENICILLIN G 


1. Panel Discussion, Pennsylvania M.J., 55:42, 


PENALEV Soluble Tablets Crystalline 
Potassium Penicillin G are supplied in 
3 potencies ; 50,000 units, 

ss 100,000 units, and 250,000 units, 

3 packages of 12 and 100 Tablets. 
Sharp & Dohme, Philadelphia 1, Pa. 


bet: 

3 

~ 

1 1 vet 

73 

4 

‘i 

\ 

: 

4 

: 

4 

4 

— 

j 
fo 
: 
f 


RECOMMENDED READING ON 


BUTAZOLIDIN 
ARTHRITIS 


and allied disorders 
new... synthetic... 


non-hormonal... 
orally effective 


The remarkable clinical effectiveness of BUTAZOLIDIN in 
producing striking relief of pain, coupled with functional 
improvement, is the subject of recent authoritative reports. 


Journal of the American Medical 
Association 149:729 (June 21) 1952. 
Kuzell, W. C., and others: Phenylbutazone 
(Butazolidin®) in Rheumatoid 

Arthritis and Gout. 

Gout: “... 25 of the 48 gouty 

patients experienced a complete 
remission in 48 hours or less.” 


Journal of the American Medical 
Association 150:1084 (Nov. 15) 1952. 
Stephens, C. A. L., Jr., and others: 


Benefits and Toxicity of Phenylbutazone 
(Butazolidin®) in Rheumatoid Arthritis. 


Spondylitis: “Of the 32 patients 
...20 patients (80%) showed 3 to 4 


plus subjective improvement.” 


Journal of the American Medical 
Association 150:1087 (Nov. 15) 1952. 
Steinbrocker, O., and others: Phenylbutazone 
Therapy of Arthritis and Other Painful 
Musculoskeletal Disorders. 

Osteoarthritis: In 63 per cent “... there 
was improvement of functional 

capacity ranging from slight to 

complete, with striking enhancement 

of coordinated movements. ...” 


Bulletin on Rheumatic Diseases 
3:23, 1952. i 

Kuzell, W. C.: Phenylbutazone _ 
(Butazolidin®). 

Rheumatoid arthritis: “Its use is 
followed by substantial relief of 
symptoms in about 80 per cent of 
patients with rheumatoid arthritis.” 
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from the clinical research 


department of Geigy Pharmaceuticals 


INTERIM CLINICAL REPORT 
ON 
BUTAZOLIDIN 


AN INTERIM REPORT on sree 


FOR RELIEF OF 
ARTHRITIS AND ALLIED DISORDERS 


BUTAZOLIDIN 


REPORT FROM THE CLINICAL RESEARCHE DEPARTMENT 


OF GEIGY PHARMACEUTICALS 


First of a series, the Interim Clinical Report on 
BUTAZOLIDIN summarizes and analyzes 

the literature on this important new agent. 
Mailed recently to the medical profession, 
additional copies are available on request. 


‘But OLIDIN isa totally tiew and ¢ tandingly eff. 
in the therapy of virtually all forms of arthritis. In r 
it produces relief of pain in. approximately 

of cases and measurable functional i peproteraay ir 


In ation to its high degree of eff ectiveness BuTazo 
_ relatively low toxicity. However, to obtain optimal results with 
~ minimal risk of side reactions physicians are. urged tor 

| mentioned reports in their entiret 7 


Physicians are also invited to write oat | 
for the “Essential Clinical on Bur 
other informative literature. 


Burazoniin® (brand ¢ of phenylbuta 


GEIGY PHARMACEUTICALS 
Division of Geigy Company, Inc., 
220 Church Street, New York 13, N.Y. 
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is now possible 


FOR LARGE DOSAGE 
OF ASPIRIN... 


THE FIRST CLINICALLY PROVEN 
ENTERIC-COATED ASPIRIN 


| ASTERIC eam (5 gr. enteric-coated Aspirin) Allows Greater Dosages— 
40, 50, 60, 70 or more grains daily as required where 
gastric distress and other irritating symptoms resulting from 
high dosages of plain aspirin tablets are contraindicated. 


is indicated in the treatment of certain rheumatic disorders 
requiring maximal dosage of aspirin over long periods. 
“Enteric-coated aspirin (ASTERIC) has an analgesic effect 
equal to that of regular aspirin and the onset of its action 
is only slightly delayed.” Clinically it was shown that equal 
blood levels were obtained.* 


| ASTERIC © em (5 gr. enteric-coated Aspirin) will be found beneficial for 


those patients suffering from hemorrhagic gastritis resulting 
from the irritating effects of plain aspirin and for cases of 
peptic ulcer which require acetylsalicylic acid therapy. 


| ASTERIC © (5 gr. enteric-coated marbleized tablets) supplied in bottles 


of 100 and 1000. 
For samples—just send your Rj blank marked—13AS1 


*Talkov, R. H., Ropes, M. W., and Bauer, W.: The Value of 
Enteric Coated Aspirin. N.E.J. Med. 242,19 (Jan. 5) 1950. 


‘BREWER & COMPANY, INC 
WORCESTER 8, MASSACHUSETTS U.S.A. 


ae, 
- 
4 
14 
? 
4 
4% 
140% 
A 
a4 te 
aS 
x 
: 
‘4 
ey 
2 
. 4 
= 
4 
4 
4 4 
b E 


Pneumococ 


pro 


respond 


wi 


t 


: 


16 


mucosa of gastritis 


for ‘ 


gastrites 


Suspension Maalox-Rorer 
is a colloidal suspension 

of the hydroxides of 
Magnesium and Aluminum. 
It is pleasant to taste. 
Continuous clinical use 

has demonstrated that 

it causes a quick satisfactory 
relief of pain and 
discomfort caused by 
gastritis. 


The dose is two to four 


fluidrachms. 


supplied: In 355 cc. 

(12 fluidounce) bottles. 

Also in tablets (Each Maalox 
tablet is equivalent to one 
fluidrachm of Suspension). 
Samples will be sent promptly 
on request. 


WILLIAM H. RORER, INC. 
Drexel Bldg., Independence Square 


Philadelphia 6, Penna. 
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NOW -- Gantrisin plus penicillin 


in a single tablet...Gantricillin™ 


'Roche!...provides 0.5 Gm of this 
more soluble, single sulfonamide 


and 100,000 units of penicillin, 
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Gantricillin”= Gantrisin + Penicillin 
 ..sBecause Gantrisin® 'Roche' "would 
seem to be an ideal sulfonamide to use 
where it is desirable to combine sulfon- 
amide administration with _— anti- 
bacterial agents" (Surg. Clin. North 


America, 30:61, 1950). 


te 
re 
of. 
‘ 
| 
| 
? 
; i 
4 
| 
- 


17 


New! High Potency Anticholinergic Agent ’ : 


Artrenyi 


BROMIDE 
(Oxyphenonium bromide Ciba) 


Mg. per mg., 
the most effective 
of the newer 


anticholinergics 


ANTRENYL bromide is a new high potency 
anticholinergic agent indicated in the management of 
peptic ulcer and spasm of the gastrointestinal tract. Milligram = 

per milligram, it is the most potent of the newer 
anticholinergics, recommended dosage being only about 
one-tenth that of certain commonly used agents. 
ANTRENYL has a marked inhibitory effect on gastric secretion 
and motility of the gastrointestinal tract. Side effects 
are generally mild, and there is usually no esophageal or 
gastric irritation. A recent report! described the side 
effects as less pronounced than those of other drugs uF 
ordinarily used in the management of peptic ulcer. 
In this study, patients receiving ANTRENYL usually obtained 
relief from acute symptoms within 24 to 36 hours. 
Prescribe ANTRENYL as adjunctive therapy in your next 
few cases of peptic ulcer and note its advantages. 
Available as ANTRENYL Bromide Tablets, 5 mg., 
C31DAa — scored: bottles of 100, and as ANTRENYL Bromide 
Syrup, 5 mg. per teaspoonful (4 cc.); bottles of 1 pint. | 
Ciba Pharmaceutical Products, Inc., Summit, New Jersey a 


2/1878M 1. Rogers, M. P., and Gray, C. L.; Am. J. Digest. Dis., 19:180. 1952. 
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In Acute Bursitis and Tendinitis 


—an Effective Treatment 


(IN GELATIN) 


Administered as Easily as Insulin: 
Subcutaneously or intramus- 
cularly with a minimum of 
discomfort. 


Fewer Injections: 
One to two doses per week in 
many cases. 


Rapid Response, Prolonged Effect: 
Combines the two-fold advan- 
tage of sustained action over 
prolonged periods of time with 
the quick response of lyophil- 
ized ACTHAR. 


Much Lower Cost: 
Recent significant reduction in 
price, and reduced frequency of 
injections, haveadvancedecon- 
omy of ACTH treatment. 


ACTH dramatically relieved se- 
vere pain and restored motion 
within 24 to 48 hours from onset of 
symptoms in 3 of a group of 6 pa- 
tients with acute calcific rotator- 
cuff tendinitis of the shoulder.' 
The other three obtained relief 
and regained motion within a few 
days when treated with ACTH. 


Equally successful treatment with 
ACTH was given to a number of 
patients with acute subacromial 
bursitis.2 In one instance an area 
of calcification adjacent to the 
deltoid muscle cleared up com- 
pletely within less than 4 weeks, 
as demonstrated roentgenograph- 
ically. Pain disappeared and func- 
tion was restored. 


In no instance did pain recur upon 
withdrawal of ACTH. The short 
period of treatment precludes 
overdosage effects. 


HP*ACTHAR Gel, the new reposi- 
tory ACTH, provides complete 
convenience and ease of adminis- 
tration in short-term treatment of 
these acute conditions. 


1. Quigley, T. B., and Renold, A. E.: 
New England J. Med. 246: 1012, 1952. 


2. Steinberg, C. L., and Roodenburg, 
A. L.: J.A.M.A. 149: 1458, 1952. 


*Highly Purified. ACTHAR® is The Armour 
Laboratories Brand of Adrenocorticotropic 
Hormone—ACTH (Corticotropin) 


THE ARMOUR LABORATORIES 
CHICAGO 11, ILLINOIS 


world -wide. 
PHYSIOLOGIC THERAPEUTICS THROUGH BIORESEARCH 
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Because BENYLIN EXPECTORANT al e g 


combines BENADRYL Hydrochloride — highly 
effective decongestant and antispasmodic — with 
established non-narcotic remedial agents, it provides 
rapid relief of cough. BENYLIN EXPECTORANT promotes patients’ 
comfort by liquefying mucous secretions, relaxing the bronchial 

musculature, soothing irritated mucosae and relieving nasal 
stuffiness, sneezing and lacrimation. Patients of all ages like - 

its mildly tart. raspberry flavor. 3 


DOSAGE: One or two teaspoonfuls every two to three hours. 
Children, one-half to one teaspoonful every three hours. 
Supplied in 16-ounce and 1- gallon bottles. 
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HIGH LEVEL ANALGESIA 
with MILD SEDATION 


‘CODEMPIRA 


To relieve PRIN associated with 
ANXIETY TENSION 
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Each capsule contains: 


Codeine Phosphate gr. 4 ‘CODEMPIRAL' 
Phenobarbital gr.\% 

Acetophenetidin gr.2% 
Aspirin gr. 3% 


| 
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‘CODEMPIRAL’ 


Bottles of 100 


Subject to Federal Narcotic Law 


7 


‘CODEMPIRAL’ 


bral BURROUGHS WELLCOME & CO. (U.S.A.) INC. 
Tuckahoe 7, New York 
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FOOL’ 


EDIOL 


TRADEMARK 


[ORAL FAT EMULSION SCHENLEY ] 


A highly palatable emulsion 
containing 50 percent coconut 
oil and 12% percent sucrose, 
useful whenever caloric intake ae 
must be increased without ris 
undue increase in bulk. « 


Delicious alone, or when taken : 
with milk and other fluids, e 
semisolid foods, and desserts. 


EDIOL* furnishes 600 calories 
daily, when taken as 2 table- 
spoonfuls q.i.d. The unusually 
small particle size of EDIOL f 
(average, micron) favors easy 
digestion, rapid assimilation. 


For children, or where fat 
tolerance is a problem, small 
initial dosage may be pre- ff: 
scribed, then increased to the | 
level of individual capacity. a 


Available through all phar- 
macies, in bottles of 16 fl.oz. 


SCHENLEY LABORATORIES, INC. 


LAWRENCEBURG # INDIANA a 


*Trademark of Schenley Laboratories, Inc. 
©Schenley Laboratories, Inc. 


GRATIFYING RELIEF 


From the Distress of 


Urinary Tract Symptoms 


Pyridium acts quickly and safely, through an 
entirely local mechanism, to secure analgesia of 
the sensitive urogenital mucosa of patients suf- 
fering from cystitis, pyelonephritis, prostatitis, 
and urethritis. 


Pain and burning 
decreased in 93% of cases .. .* 


Urinary frequency 


relieved in 85% of cases ...* 
Pyridium may be administered concomitantly 


with crystalline dihydrostreptomycin sulfate, 
penicillin, the sulfonamides, or other specific 
therapy to provide the twofold benefit of symp- 

*As reported by Kirwin, Lowsley, and Menning in a study of 
tomatic relief and anti-infective action. 118 cases treated for symptomatic relief with PYRIDIUM 


PYRIDIUM 


(Phenylazo-diamino-pyridine HC]) 


MERCK 
PyripiuM is the registered trade-mark of Nepera Chemical & C 


Co., Inc. for its brand of phenylazo-diamino-pyridine HCl. Manufacturing Chemists 
Merck & Co., Inc. sole distributor in the United States. RAHWAY, NEW JERSEY 
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Bact 40th 


Complete relief of symptoms was obtained by most menopausal patients, Perloff reported, 
and the greatest percentage of patients who “expressed clearcut preferences for any 
drug designated ‘Premarin.'” Perloff, W. H.: Am. J. Obst. & Gynec. 58:684 (Oct) 1949. 


“PREMARIN” 
inthe menopause 


Estrogenic Substances (water-soluble) also known as Conjugated Estrogens (equine). Tablets and liquid. 


Highly effective - Well tolerated + Imparts a feeling of well-being 


Ayerst, McKenna & Harrison Limited »« New York, N. Y. »* Montreal, Canada 
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THE PRACTICABLE SOLUTION OF 


A patient on Obedrin Tablets can maintain a 
restricted diet, in comfort and lose excess weight 
fairly rapidly, without undesirable side effects. 


Each Obedrin Tablet contains: 
SEMOXYDRINE HYDROCHLORIDE, 5 mg. 
(Methamphetamine Hydrochloride) 
Suppresses appetite, elevates mood. 


THIAMINE HYDROCHLORIDE, 0.5 mg.; 
RIBOFLAVIN, 1 mg.; NIACIN, 5 mg. 
Dose of these essential vitamins is adequate 
to supplement the 60-10-70 Diet, yet low enough 
to prevent stimulation of appetite. 


_ ASCORBIC ACID, 100 mg. 


A large dose, to help mobilize tissue fluids, so 
often a problem in obese patients. 


PENTOBARBITAL, 20 mg. 
To avoid excitation and insom- 
nia; counteracts undesirable 
cerebral stimulation of metham- 
phetamine. Does not diminish 
the anorexigenic action of 


methamphetamine. 
PATIENT 
A complimentary pad of 60-10-70 20 
Basic Diet Sheets and a trial me 220 
supply of Obedrin sent to phy- 210 
sicians on request. 200 
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BRISTOL, TENNESSEE 
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cortisone 


for inflammation, 
neomycin 
for infection: 
Each gram contains: 
= Cortisone Acetate. . . . . 15 mg. 


Neomycin Sulfate... .. 5 mg. 


ES = (equivalent to 3.5 mg. neomycin base) 
= Available in | drachm tubes with O QO 4 
applicator tip 


Trademark 


OPHTHALMIC OINTMENT 
The Upjohn Company, Kalamazoo, Michigan 
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for 

positive 
appetite control 
without 

side effects 


patients 
“eat less 
and 
like it” 


1:3 LID ratio 


“A combination of monobasic amphetamine 
phosphate containing a ratio of 1:3 of levo 
to dextro amphetamine (as found in Biphetacel) is 
more effective in curbing appetite and causing 


weight loss than the same amount of amphetamine — small dosage... 

contained in the racemic form where the Z T 

ratio is 1:1 I/d. There is a relative freedom from baie aad ae 

side reactions in the patients with the % GOTONIC patients, 1 tablet V 
1:3 I/d combination . . .” tol hr. before meals. SYMPATHI( 


Freed, S. C. and Mizel, M.—Annals of 
Internal Medicine, Vol. 36, No. 6, June 1952. 


CURBS APPETITE EFFECTIVELY without tablet 


food revulsion, nausea, nervousness. Amphetamine Phosphate Mon 
” basic 5 mg.; Dextro Ampheta 
PRESERVES “ENOUGH-TO-EAT” FEELING 5 
by decreasing gastric motility and prolonging -Metropine® (methyl atropin 
emptying time of stomach. Strasenburgh), ] mg.; Sodium 


ASSURES NORMAL ELIMINATION by | 
supplying evenly distributed, non- 
nutritive, “‘no clump” bulk. voiloble on Presetiption 
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PRODUCES HIGHER BLOOD LEVELS 


05 


UNITS PENICILLIN PER CC; 


BICILLIN PROCAINE POTASSIUM 


HOURS 


Average penicillin blood concentrations 
following oral liquid doses of Bicillin, 
potassium G and procaine penicillin. Sin- 
gle dose of 300,000 units. 30 adult sub- 
jects in 3 groups of 10. Each group 
received a different penicillin on each of 
3 succeeding days. 


penicillin co 


effective 
palatable 
stable—24 months 


ready to use 


SUPPLIED: Bottles of 2 fl. oz. 
1 teaspoonful (5 cc.), supplies 300,000 
units (approximately 300 mg.). 


oral suspension 


Miyeth 
® 
*Trademark 


Benzethacil Wyeth 


N, N’- benzylethylenediamine dipenicillin G 


ALSO AVAILABLE: 
Tablets Bicillin L-A 
Injection Bicillin L-A 
Suspension Bicillin-Sulfas 
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oe a model of perfection—in 


everything except her diet. Often too busy to 
eat, she relies on snacks and coffee to keep 
going from morning until night. At this pace, 


she'll soon be posing as a subclinical 
vitamin deficient. 


To bring her back to vitamin balance, she 
may need a corrected diet—p/us an effective 
vitamin supplement such as SUR-BEX WITH 


VITAMIN C tablets. 


In addition to providing six important B 
vitamins (including B12), each SUR-BEX WITH 
VITAMIN C tablet supplies 150 mg. ascorbic 
acid—five times the minimum daily require- 


ment. One easy-to-swallow tablet is the 
prophylactic dose. Two or more for 
severe deficiencies. Supplied in 

bottles of 100, 500 and 1000. 


Each Sur-bex with Vitamin C 


tablet contains: 
Thiamine 6 mg. 
Pyridoxine Hydrochloride.................... 1 mg. 
Vitamin B12 (as vitamin Bi2concentrate)....... 2 mcg. 
Pantothenic Acid (as calcium pantothenate).... 10 mg. 
Liver Fraction:2, 0.3 Gm. (5 grs.) 
Srewer’s Yeast, Dried............. 0.15 Gm. (2% grs.) 


Ma 
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Sur-bex 


with VITAMIN C 


(ABBOTT'S VITAMIN B COMPLEX WITH ASCORBIC ACID) 
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THE DIURETIC 


LIKE AN INJECTION 


lifetime therapy — 


NEOHYDRIN helps keep the cardiac patient in 
fluid and electrolyte balance for his lifetime 
—a lifetime that might be impossible with- 
out such control of water and salt metabolism. 


day in, day out diuresis — 


NEOHYDRIN daily, maintains a steady, unin- 
terrupted diuresis. This allows more liberal 
salt intake which benefits the patient psycho- 
logically. Even more important, liberalized 
salt intake permits the daily physiologic in- 
take and output of sodium required by the 
body and safeguards against salt depletion. 


prescribe NEOHYDRIN when indicated in 


ee 


how to use this new drug 

Maintenance of the edema-free state has been accom- 
plished with as little as one NEOHYDRIN Tablet a day. 
Often this dosage of NEOHYDRIN will obtain per week 
an effect comparable to a weekly injection of MERCU- 
HYDRIN.® When more intensive therapy is required one 
tablet or more three times daily may be prescribed as 
determined by the physician. 

Gradual attainment of the ultimate maintenance dosage 
is recommended to preclude gastrointestinal upset which 
may occur in occasional patients with immediate high 
dosage. Though sustained, the onset of NEOHYDRIN 
diuresis is gradual. Injections of MERCUHYDRIN will be 
initially necessary in acute severe decompensation. 


Contraindicated in acute nephritis and nephrosclerosis. 


Any patient receiving a diuretic should ingest daily a 
glass of orange juice or other supplementary source of 
potassium. 


congestive heart failure * recurring edema and ascites cardiac asthma ¢ hypertensive heart disease 
dyspnea of cardiac origin ¢ arteriosclerotic heart disease ¢ fluid retention masked by obesity ¢ and, 


for patients averse to their low-salt diet. 


*rRADEMARK APPLIED FOR 


packaging Bottles of 50 tablets. There are 18.3 mg. 
of 3-chloromercuri-2-methoxy-propylurea in each tablet. 


LABORATORIES, INC., MILWAUKEE 1, WISCONSIN 
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WITH 


PROTAMIDE 


(SHERMAN) 


84 patients of 104 had complete relief of pain 
in sciatic, intercostal and facial neuritis with 
one daily injection of Protamide for five or 
ten days. 


Smith reports ‘“—49 were discharged as cured 
after five days of therapy.” 


No intolerance to Protamide, systemic or local < 
was found in the 125 patients (104 plus 21 
controls). 


Two qualifications for practical application i 
of this study are: 


] The elimination of cases due to mechanical 
pressure. | 


2 Early treatment after onset. 


*Smith, Richard T: Treatment of 
Neuritis with Protamide. New 
York Medicine { Aug. 20} 1952. 


Acard marked Neuritis will 
bring reprint and literature 


PROTAMIDE 
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Prevent the Pain of 
Angina Pectoris 
5 os The vasodilating action of ‘Paveril Phosphate’ 
helps to prevent, as well as control, pain associated : 
ps top P 
with angina pectoris, coronary occlusion, and pe- ; 
ripheral or pulmonary embolism. Although similar 
2 in action to papaverine, ‘Paveril Phosphate’ is 
safer and is distinguished by fewer side-effects. 
It is non-narcotic. Detailed literature is available. 
Eli Lilly and Company 
Indianapolis 6, Indiana, U.S.A. 
Dosage: 3 day, before Litty 
4 3-grain tablets: ‘ 
an Non-Narcotic Vasodilator 
and Antispasmodic 
TABLETS 
(DIOXYLINE PHOSPHATE, LILLY) ¥ 
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The American Journal of Medicine 


Vol. XIV 


JANUARY, 1953 No. 1 


Editorial 


Present Status of Atherosclerosis 


as a Derangement of Lipid Metabolism 


HERE is accumulating indication that 

atherosclerosis is not necessarily an in- 

evitable consequence of the intangible 
processes of aging, which one must accept with 
resignation, but may be due essentially to a 
derangement of lipid metabolism amenable to 
investigation and perhaps to prevention and 
cure. To be sure, mechanical factors play an 
important role in the causation of atherosclero- 
sis: increased intra-arterial pressure; local 
turbulence in blood flow caused by irregulari- 
ties and thickening of the intima or branching 
of vessels; and regional impairment of the 
elasticity of the vessel wall whether due to 
intrinsic disease of the media or to fixation of 
the vessel. Such mechanical factors appear 
usually, however, to be of secondary signifi- 
cance, largely in determining the sites where 
atherosclerotic plaques will deposit and in 
accelerating the rate of lipid deposition at these 
sites. 

The underlying predisposition to atherosclero- 
sis, the basic cause, appears more and more to 
be in the nature of a metabolic defect involving the 
biosynthesis, transport and catabolism or ex- 
cretion of certain lipids, notably cholesterol in 
the form of lipoproteins. One indication of this 
is that atheromatous plaques are found on 
chemical analysis to contain a high proportion 
of cholesterol, in the form of cholesterol palmi- 
tate and other esters as well as some “‘free”’ 
cholesterol, together with significant quantities 
of cholesterol derivatives such as _ reduced 
cholesterol (dihydrocholesterol), oxidized cho- 
lesterol (cholestenone, which may be an arte- 
fact) and a carboxyl derivative of cholesterol as 
yet not fully identified. In addition, the plaques 
contain an appreciable concentration of phos- 
pholipids and a small percentage of neutral fat. 
Even if atheromas are not visible, chemical 


analysis of aortas has shown that the cholesterol 
content increases significantly and character- 
istically with age. Another reason why interest 
in arteriosclerosis has centered so largely on 
lipids and lipoproteins is the association of pre- 
mature arteriosclerosis with diseases charac- 
terized by hypercholesteremia, such as familial 
xanthomatosis, familial hypercholesteremia, 
nephrosis and diabetes. Finally, there is the 
important fact that atherosclerosis can be pro- 
duced experimentally in animals by the feeding 
of cholesterol. By overloading the capacity of 
the animal to metabolize or excrete the huge 
amounts of cholesterol fed, an error in lipid 
metabolism, so to speak, is induced. The lesions 
thus produced in the rabbit resemble only the 
earliest stage of the lesions found in man, the 
atheromatous plaque, but in the dog and 
chicken the full-blown picture of athero- and 
arteriosclerosis, similar in most essentials to that 
of man, can be reduplicated in the coronary, 
cerebral and other arteries. 

Cholesterol, a steroid with an iso-octyl chain 
attached to carbon-17, occurs in the body 
largely esterified (in the carbon-3 position) with 
various fatty acids, chiefly unsaturated. Because 
of their non-polar characteristics, both esterified 
and free cholesterol do not circulate in the 
plasma in molecular solution but in more or 
less discrete combinations with certain plasma 
proteins, forming lipoproteins. This applies also 
to all or virtually all of the plasma phospho- 
lipids, chiefly lecithins, also sphingomyelins and 
cephalins; and, to a lesser degree, to the neutral 
fats. The lipoproteins so constituted can be 
separated by electrophoresis into a-lipoproteins 
and £-lipoproteins; by ethanol precipitation 
under controlled conditions into roughly corre- 
sponding fractions; by ultracentrifugation into 
a whole series of lipoprotein complexes of 


4 
44 
; 
: 
Sa 
ky 
| 
; = 
{ 
H 
| 
+ 
, 
@ 
= 
. a 
“a 
‘i 
: 
I 
eure 
7 


2 Editorial 


varying cholesterol, phospholipid, neutral fat and 
protein content; and by paper electrophoresis. 

Whereas until recently it was believed that 
the cholesterol of the plasma and tissues was 
derived largely if not entirely from ingested 
preformed cholesterol of the diet, as our infor- 
mation increases the cholesterol intake seems 
less and less important, at least in man and 
within the ordinary limits of dietary consump- 
tion. It is now known that most of the body 
cholesterol is synthesized at a lively rate from 
simple 2-carbon compounds, specifically ace- 
tate, which is in turn derived from fats, proteins 
and carbohydrates of the diet. It follows that 
elimination of preformed cholesterol from the 
diet is just a gesture, probably a futile gesture. 
It also follows that it is quite impossible, by 
dietary regulation, to block altogether the bio- 
synthesis of cholesterol; nevertheless, restriction 
of caloric intake may decrease the magnitude 
of cholesterol biosynthesis and such restrictions 
seem prudent, according to present knowledge, 
even if their efficacy in prevention of athero- 
sclerosis is as yet unestablished. 

The bulk of the cholesterol formed in the body 
is elaborated in the liver but cholesterol is 
formed also in smaller quantities in many 
tissues, including the adrenal cortex, skin, 
intestinal wall, kidney, brain; and in the wall 
of the aorta, although at a low rate which may 
not be significant in relation to atherosclerosis. 
Just how the complex cholesterol molecule is 
synthesized in the body from 2-carbon acetate 
is not known. Recent experiments with C'- 
labeled acetate by Bloch indicate that squalene, 
a long-chain unsaturated hydrocarbon composed 
of 6 isoprene units, is an intermediate, pre- 
sumably with folding of the straight chain 
to form the ring compound. In any event 
the cholesterol so formed, whether synthesized 
or retained by hepatic or extrahepatic tissues, 
appears to be in equilibrium and for the 
most part freely miscible with the circulating 
cholesterol. 

The ultimate fate of cholesterol in the body 
is still obscure. Of course, much cholesterol is 
excreted as such and in the reduced form of 
dihydrocholesterol and coprosterol through the 
gastrointestinal tract, by way of the biliary tract 
and more directly; also to some extent through 
other avenues of excretion. Some is converted 
to steroid hormones, steroid vitamins and bile 
acids. But from all indications these methods 
of disposal do not by any means account for the 


whole of the daily cholesterol turnover, the 
magnitude of which is indicated by an esti- 
mated eight-day half-life for cholesterol. It is 
highly probable that a significant proportion of 
the cholesterol store is degraded, although per- 
haps to a lesser extent in man than in such 
animals as the rat. The metabolic pathways 
involved are not known. Recently Chaikoff 
found that most of the C™ of cholesterol labeled 
in the iso-octyl side chain rapidly appeared in 
the carbon dioxide of the expired air; C'* in- 
corporated into the ring structure was recovered 
in the saponifiable fraction of the fecal steroids. 
These saponifiable compounds have not yet been 
identified but presumably reflect drastic changes 
in composition. They may be related to the 27- 
carbon acid isolated by Cook from the feces of 
rats fed cholesterol. | 

There is no precise information available as 
yet as to what goes wrong, in atherosclerotic 
subjects, with the normal metabolic processes 
involving the formation and disposition of 
cholesterol. It may be presumed that cholesterol 
is deposited in the vessel walls and in other 
tissues when more is formed or absorbed than 
can be maintained in solution in the extracellular 
fluid and excreted or degraded. The possibilities 
now under active investigation include: 1. Bio- 
synthesis of excessive amounts of cholesterol 
which cannot be metabolized or excreted suffi- 
ciently rapidly and hence tend to accumulate in 
tissues least able to cope with the excessive pro- 
duction or deposition. 2. Abnormalities in 
transport mechanisms or in transport compounds 
with impairment of the stability of cholesterol 
colloids in the plasma, thus favoring deposition 
in the arterial walls. 3. Interference with the 
transit of cholesterol and other lipids through 
the arterial wall or impairment of catabolic 
processes there. 4. Excessive absorption of cho- 
lesterol from the gastrointestinal tract or de- 
creased excretion through the biliary or gastro- 
intestinal tract. It is likely that more than one 
of these mechanisms is involved in the patho- 
genesis of atherosclerosis. It is already clear that 
different mechanisms play predominant roles 
under different circumstances. 

There is a primary difficulty in all such in- 
vestigation of atherosclerosis in the living human 
subject and that is the present impossibility of 
quantifying the number and size of arterial 
lesions, and of estimating directly the effective- 
ness of dietary or other measures which may 
decrease the amount of atherosclerosis. It is im- 
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possible to do a satisfactorily controlled experi- 
ment in man, with direct analysis of the effects 
on deposition of lipids in the arterial tree. One 
is dependent upon animal experiments, which 
may or may not be directly referable to man; or 
if working with man, upon tangential determi- 
nations of serum lipids or lipoproteins, which 
may or may not reflect corresponding lipid 
changes in the arterial walls; or upon evidences 
of impairment of blood flow in the coronary or 
cerebral vessels, which often do not faithfully 
reflect atherosclerotic vessel changes elsewhere; 
or upon x-ray indications of calcification of the 
vessel wall, certainly a late and unreliable 
criterion. Present information as to the role of 
metabolic factors in atherogenesis in man is 
therefore based largely upon indirect evidence 
of greater or lesser statistical probability. 

There would seem nevertheless to be little 
doubt now that the occurrence of coronary 
thrombosis relatively early in life can be corre- 
lated in many instances with abnormally high 
and fluctuating serum cholesterol levels repre- 
senting either an inborn error of lipid metabolism 
or associated with some disease affecting the 
lipid metabolism, such as diabetes. In such in- 
stances there is also apt to be a significant in- 
crease in the plasma cholesterol-phospholipid 
ratio, an increase in plasma Sf 12-20 and related 
lipoproteins, and a relative and absolute increase 
in the plasma £-lipoproteins at the expense of the 
a-lipoproteins. These probably are all different 
facets of the same basic lipid disturbance. 
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Granting this to be true there remains the 
question whether the high incidence of arterio- 
sclerosis in the older population of this country 
also is ascribable basically to what must then 
be a very widespread metabolic derangement 
of lipid or lipoprotein metabolism, presumably 
of such low order as to become apparent ordi- 
narily only late in life, and then particularly if 
aggravated by a general over-indulgence in 
food. There is some evidence for this view. In 
general, quite striking increase in serum lipids 
and lipoproteins occurs with age in apparently 
normal subjects. There is a significant increase 


in serum cholesterol after the age of forty in _ 


both males and females. Further, according to 
Gofman and associates, there is an increase in 
plasma Sf 12-20 lipoproteins from a median of 
28 mg. per cent at age twenty-five to a median 
of 40 mg. per cent at age thirty in males, with a 
smaller but steadier accumulation in females 
whose median reaches 40 mg. per cent only 
between ages of fifty and sixty. And, according 
to Barr and associates, the plasma §-lipoproteins 
are, in general, lower in young women than in 
young men between the ages of eighteen and 
thirty-five but reach about the same, somewhat 
higher levels in both sexes between the ages of 
forty-five and sixty-five. It is possible to discern 
in these relationships the elements of a signifi- 
cant correlation with the clinical facts regarding 
the incidence of coronary thrombosis in various 
age groups and in the two sexes. 
ALEXANDER B. GUTMAN, M.D. 
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Clinical Studies 


Cardiac Catheterization in Interatrial 
Septal Defect’ 


RicHARD S. CosBy, M.D., GEORGE C. GRIFFITH, M.D., WILLARD J. ZINN, M.D., 
Davin C. Levinson, M.D., Sim P. DimitRoFF, M.D., ROBERT W. OBLATH, M.D. 
and GEORGE JACOBSON, M.D. 


Los Angeles, California 


HE purpose of this report is an evaluation 
of the findings obtained by cardiac 
catheterization in ten patients with 
proven interatrial septal defect. Similar series 
of patients have recently been reported in 
detail by Hickam,! Limon,’ Barber* and Keith.* 

Our interest has been particularly in the 
physiology of isolated interatrial septal defects, 
and in order to study this group adequately we 
have made an effort to exclude patients with 
associated lesions such as transposed pulmonary 
veins and pulmonary stenosis. ‘The hemodynamic 
problems include: (1) direction and degree of 
shunt flow, (2) auricular pressures in relation- 
ship to direction of shunt, (3) causes of arterial 
unsaturation and (4) degree and nature of in- 
creased pulmonary vascular resistance. 

In addition to the foregoing hemodynamic 
problems a fundamental consideration is the 
feasibility of surgery in atrial septal defect. 
Surgery as a definitive treatment of interatrial 
septal defect depends mainly on the concept 
that the defect is, in itself, the primary intra- 
cardiac lesion. If this is the case, a surgical pro- 
cedure such as that of Murray® will be of great 
value. However, it has been our experience that 
not infrequently the catheterization has “un- 
covered”” some other lesion of greater impor- 
tance than the atrial septal defect, such as 
pulmonary stenosis or transposed pulmonary 
veins. These operable lesions may represent the 
primary cardiac defect for which the atrial 
septal defect is a compensatory shunt. 


METHOD 


Cardiac catheterization was performed ac- 
cording to the routine Cournand procedure.® 


Intracardiac pressures were recorded with strain 
gauge manometers and oscillographic amplifica- 
tion. Blood oxygen determinations were carried 
out by the Van Slyke technic and arterial 
samples drawn through inlying femoral, radial 
or brachial artery needles. Oxygen consump- 
tions were obtained by using a wet test meter 
and Pauling analyzer. 


CASE REPORTS 


CasEI. G.M., a twenty-seven year old white 
woman, had no history of rheumatic fever, sore 
throat or scarlet fever as a child. In 1943, while 
in the Navy, the patient had an episode of epi- 
staxis, arthralgia, fever and elevated sedimenta- 
tion rate. A diagnosis of rheumatic fever was 
made and a heart murmur noted for the first 
time. In 1949 the patient was again hospitalized 
for rheumatic fever with complaints of nocturnal 
dyspnea, orthopnea, hemoptysis and ankle 
edema. On entry slight shortness of breath was 
the only complaint. 

On physical examination the patient was a 
well developed, well nourished white woman. 
No cyanosis or clubbing was present. The blood 
pressure was 110/60. The apex was in the fifth 
interspace, 1 cm. outside the mid-clavicular line. 
The rate and rhythm were normal. There was 
accentuation of the mitral first sound and pul- 
monary second sound. A grade 2 pulmonary 
systolic murmur and grade 5 high pitched blow- 
ing pulmonary diastolic murmur were present. 
A third sound was present at the apex. The 
lungs were clear. There was no edema. 

An electrocardiogram showed the pattern of 
right ventricular hypertrophy. Fluoroscopy 
showed the heart to be of normal size and shape. 


*From the Department of Medicine (Cardiology), School of Medicine, University of Southern California and the 
Los Angeles County Hospital, Los Angeles, Calif. 
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There was no isolated chamber enlargement 
and no unusual features of the pulmonary 
vascular shadows were noted. The hemoglobin 
was 15.3 gm. 

Case u. J. C., a fifty-two year old white 
man, had a vague history of intermittent 
cyanosis and dyspnea as a child. In World War 1 
the discovery of a heart murmur resulted in a 
medical discharge from the service. There was 
a history of pneumonia on two occasions in 1926 
and 1932. In 1932, 1933 and 1934 the patient 
was treated for pulmonary tuberculosis. 

On physical examination the patient ap- 
peared well developed and well nourished, and 
without dyspnea, but there was mild cyanosis of 
the nail beds and lips. No clubbing was present. 
The blood pressure was 140/85. The rate and 
rhythm were normal. The cardiac apex was in 
the fifth interspace at the mid-clavicular line. 
There was slight accentuation of the pulmonary 
second sound. A grade 4 systolic murmur was 
present in the third and fourth left interspaces. 

An electrocardiogram showed the pattern of 
incomplete right bundle branch block. Fluoros- 
copy of the chest showed mottling at both 
apices suggestive of old pulmonary tuberculosis. 
In the postero-anterior position there was 
straightening of the upper left cardiac border, 
with prominence in the region of the pulmonary 
artery, and a very small aortic knob. Right 
ventricular hypertrophy was noted in the left 
oblique position. The red count was 5.04 million, 
hemoglobin was 15.5 gm. 

Case 11. P. D., a nineteen year old white 
woman, gave a history of shortness of breath 
“fas long as she could remember.” She was un- 
able to take part in normal childhood and 
adolescent activities. There was no history of 
cyanosis, but a heart murmur had been known 
since infancy. 

On physical examination the patient was 
slender but not stunted in growth. No cyanosis 
or clubbing was present. The blood pressure was 
130/70; the rate was 85. Occasional premature 
beats were present. The apex impulse was in the 
fifth interspace in the mid-clavicular line. A 
diastolic thrill was present in the pulmonary 
area. Harsh systolic and diastolic murmurs were 
present in the pulmonary area. The systolic 
component was heard over the entire chest. 
The lungs were clear. There was no peripheral 
edema. 

The electrocardiogram showed the pattern 
of right ventricular hypertrophy. X-rays of the 
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chest showed 17 per cent enlargement by the 
Hodges-Eyster formula. There was a prominent 
pulmonary conus, and prominent arterial mark- 
ings were present in the lung fields. The hemo- 
globin was 16 gm. 

Case iv. C. H., a nineteen year old white 
woman, was known to have had “‘heart trouble”’ 
since the age of eighteen months. She had been 
short of breath all her life on mild activity and 
had noted increasing coldness and cyanosis of 
the fingers during activity. 

On physical examination the patient was thin 
but growth was not stunted. Slight cyanosis of 
the fingers, without clubbing, was present. The 
blood pressure was 110/70; the rate was 85 with 
occasional ventricular premature beats. The 
apex impulse was in the fifth interspace, 1 cm. 
to the left of the mid-clavicular line, but there 
was no enlargement to percussion. The pulmo- 
nary second sound was accentuated. A grade 3 
pulmonary systolic murmur was present. The 
lungs were clear. There was no _ peripheral 
edema. 

Electrocardiogram showed right ventricular 
hypertrophy. Fluoroscopy of the chest showed 
normal heart size. The pulmonary arc and 
pulmonary arteries were prominent. There was 
questionable “hilar dance.’”? The hemoglobin 
was 15 gm. 

CasE v. W. H., a seven year old boy, had a 
history of a ‘“‘murmur’’ recognized shortly after 
birth. The child developed slowly and was 
mentally retarded. There was a questionable 
history of cyanosis on exercise. There was no 
restriction of activity and no history of shortness 
of breath. 

On physical examination the boy was well 
developed and nourished. No cyanosis or club- 
bing was present. The blood pressure was 95/70; 
the rate and rhythm were normal. The pulmo- 
nary second sound was prominent. A harsh, 
grade 3 systolic murmur was heard in the pulmo- 
nary area, radiating to the neck, both axillas 
and back. No diastolic murmur was heard. The 
lungs were clear and no peripheral edema was 
present. 

Electrocardiogram showed the pattern of 
right ventricular hypertrophy. On x-ray the 
heart was not enlarged. There was no marked 
enlargement of the pulmonary conus. The lung 
fields showed increased prominence of the 
vascular markings but there was no evidence 
of “hilar dance.” The hemoglobin was 12.5 gm. 

Case vi. M.B., a twenty-two year old single, 
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white man, was found to have heart disease at 
the age of six months during treatment of 
pneumonia. There was a history of stunted 
growth until the age of eight but since that time 
growth had been normal. There was no history 
of cyanosis or clubbing. Since the age of twelve 
shortness of breath on exertion and limitation 
of activity had become more noticeable. During 
the past five years precordial pain and palpita- 
tion, precipitated by eating, had been present. 

On examination the patient was well de- 
veloped but underweight. No cyanosis or 
clubbing was present. The blood pressure was 
110/70. The rate and rhythm were normal. 
The heart border was 2 cm. to the left of the 
mid-clavicular line. There was a very rough 
grade 4 systolic murmur in the pulmonary area, 
accompanied by a thrill and followed by a short 
diastolic murmur. Short grade 2 systolic mur- 
murs were present at the apex and aortic areas. 
The lungs were clear. No edema was present. 

Electrocardiogram showed the pattern of in- 
complete right bundle branch block. Fluoros- 
copy revealed a greatly enlarged main pulmo- 
nary artery and right ventricular hypertrophy 
in the left oblique position. The pulmonary 
vascular shadows were prominent. The hemo- 
globin was 16 gm. 

Case vu. H. A., a thirty year old white 
housewife, had a history of slight shortness of 
breath on exertion for the past five years. Short- 
ness of breath appeared after climbing eight or 
ten steps, or walking six or eight blocks. There 
was no history of cyanosis or clubbing. 

On physical examination the patient was well 
developed and nourished. There was no cyanosis 
or clubbing. The blood pressure was 95/60. The 
apex impulse was in the fifth interspace, 1 cm. 
outside the mid-clavicular line. The rate and 
rhythm were normal. The pulmonary second 
sound was accentuated. A harsh systolic murmur 
with thrill and a high pitched early diastolic 
murmur were present in the pulmonary area. 
The lungs were clear. There was no peripheral 
edema. 

Electrocardiogram showed the pattern of 
right ventricular hypertrophy. X-rays of the 
chest revealed a very prominent pulmonary 
conus. The pulmonary vascular markings were 
accentuated and “hilar dance’’ was present. 
The hemoglobin was 13 gm. 

Case vil. H. B., an eighteen year old single 


woman, gave a history of a heart murmur since 
birth. There was no history of cyanosis until the 


fifth year, following scarlet fever. Following this 
persistent cyanosis was present. Clubbing of the 
toes and fingers ensued. The patient had 
markedly limited her activity on the advice of 
physicians. During the eight months before 
admission she had a severe gastrointestinal 
hemorrhage and several splenic infarcts. 

On physical examination the patient was 
underdeveloped and poorly nourished. There 
was moderate cyanosis and clubbing of the 
fingers and toes. The blood pressure was 110/70 
in both arms. The apex impulse was in the fifth 
interspace within the mid-clavicular line. A 
second impulse was felt in the pulmonary area, 
and a systolic thrill was present at this area. 
The pulmonary second sound was accentuated. 
The rate was 90 and the rhythm regular. A 
grade 4 systolic murmur was present in the 
pulmonary area, transmitted toward the left 
axilla. No diastolic murmurs were present. The 
lungs were clear. The liver was felt below the 
right costal margin but no edema was present. 

Electrocardiogram showed the pattern of in- 
complete right bundle branch block. X-rays of 
the heart showed some dextroposition of the 
heart, and the right leaf of the diaphragm was 
depressed. The lung fields and vascular mark- 
ings were within the normal range. The hemo- 
globin was 17.5 gm. 

Case 1x. J. B., an eight year old white girl, 
was first informed at the age of five that she had 
a murmur that probably had been present since 
birth. There was no history of cyanosis or severe 
limitation of activity. Within the past year the 
patient became fatigued more than other 
children of her age. There was no history of 
rheumatic fever. 

On physical examination the child was thin 
and poorly developed. A prominent bulge of 
the upper mid-chest was noted. The apex was 
in the fifth interspace at the anterior axillary 
line. A diastolic thrill and a prolonged rumbling 
diastolic murmur were present at the apex. 
P, was greater than Ag. The rate was 100 and 
regular. A coarse, grade 4 systolic murmur with 
thrill was present in the third and fourth left 
interspaces. The blood pressure was 110/70. 
The lungs were clear. No cyanosis, clubbing or 
edema were present. 

The hemoglobin was 11 gm. Electrocardio- 
gram showed right ventricular hypertrophy and 
first degree A-V block. The orthocardiogram 
revealed generalized cardiac enlargement, pre- 
dominately of the right ventricle. There was no 
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selective enlargement of the left auricle. The 
pulmonary vascular markings were very promi- 
nent, but no “hilar dance’’ was seen. 

CasE x. R.H., a thirty-eight year old white 
man with a history of bronchial asthma since the 
age of three, complained of shortness of breath 
of ten years’ duration. He had had cyanosis of 
the hands and lips and swelling of the ankles 
for one year, and because of these symptoms he 
was placed on digitalis. 

On physical examination on entry the patient 
was orthopneic, dyspneic and cyanotic, appear- 
ing acutely ill. Clubbing of the fingers and toes 
was present. Neck veins were distended. The 
blood pressure was 120/90. The apex impulse 
was 1 cm. outside the mid-clavicular line. The 
pulse was 100 and regular. Heart tones were of 
fair quality. The pulmonary second sound was 
accentuated. No murmurs were heard. Numer- 
ous inspiratory and expiratory wheezes were 
heard throughout both lung fields. The liver was 
felt two fingers below the right costal margin. 
No peripheral edema was present. 

Electrocardiogram showed marked right 
ventricular hypertrophy with a pattern of in- 
complete right bundle branch block. X-ray 
examination of the heart showed generalized 
cardiac enlargement, right ventricular in type. 
The hemoglobin was 24 gm. (14 per cent). (In 
this patient the diagnosis of atrial septal defect 
was made at autopsy and not at the time cardiac 
catheterization was performed.) 

At autopsy the heart weighed 740 gm. A 4 cm. 
defect was found in the area of the foramen ovale, 
which was completely fenestrated, the largest 
defect measuring 1.5 cm. in diameter. The right 
ventricular wall was up to 9 mm. in thickness, 
and the pulmonic and tricuspid valves measured 
10 cm. and 13.5 cm., respectively. There was 
some atherosclerosis of the larger pulmonary 
arteries. Microscopic section of the lung showed 
marked hyalinization of small arterioles and 
chronic inflammatory reaction in the alveoli. 
The final diagnoses were bronchial asthma, 
emphysema, cor pulmonale and atrial septal 
defect. 


SUMMARY OF CLINICAL CASES 


The clinical features segregate these patients 
into two clinically recognizable groups depend- 
ing on the direction of the shunt flow. These 
studies elucidate and amplify the findings noted 
in our previous series.’ Shortness of breath was 
conspicuous and of long duration in all patients 
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except W. H. A history of cyanosis was present 
in four patients. Heart failure was not reported 
except in the case of patient G. M. 

On physical examination the heart was 
usually not enlarged. A pulmonary systolic 
murmur was a constant finding and a pul- 


TABLE I 
COMPARATIVE CLINICAL FEATURES 
IN ATRIAL SEPTAL DEFECTS 


Major Shunt 
Clinical Features | Right to Left (4 cases) or eae d 
(4 cases) (i 
a ee 2 over 35 yr. None over 30 yr. 
Cyanosis........ Present in all 4 | Absent in all 6 
Pulmonic thrill. . .| Present in none | Present in 4 
X-ray prominence 
of the pulmo- 
nary vascular 
Present in 1 Present in 5 


monary diastolic murmur was heard in four 
of the nine cases recognized by catheter ex- 
amination. The blood pressure appeared within 
the normal range. Cyanosis was present in the 
four patients previously mentioned. Of interest 
is the fact that none of the cyanotic patients had 
a palpable thrill over the pulmonic area. Four 
of the six patients without cyanosis had recog- 
nizable thrills in the pulmonic area. Also the 
roentgen findings in the cyanotic group showed 
absence of prominent pulmonary vascular 
shadows except in the case of C. H. In the 
acyanotic group five of the six patients had 
prominent vascular markings. 

The electrocardiogram showed evidence of 
right ventricular hypertrophy in every patient, 
with the pattern of incomplete right bundle 
branch block in four of the nine cases proved by 
catheterization. An unexpected finding was the 
marked variation of the QRS pattern in six, 
which appeared different in contour in each of 
the nine cases. Reference to Table 1 will show 
the important clinical features differentiating 
predominantly right to left from left to right 
shunts. 


COMMENTS 


Atrial septal defect can be positively identified 
only if the catheter passes through the defect. 
In our series the most definitive approach to 
this problem has been to show the catheter posi- 
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tioned in a left pulmonary vein, and then suc- 
cessively withdrawn into the left atrium and 
right atrium. Other findings in cardiac catheter- 
ization are not wholly diagnostic, as will be 
shown. Tables 1 and 11 reveal that in all cases but 
one the catheter entered the left auricle. In 


the “‘presumptive’”’ group are not included in 
thestables or the subsequent discussion. 
Predominant Left to Right Shunts. A_ typical 
left-right shunt in septal defect is substantiated 
by the following findings: In the pulmonary 
vein oxygen saturation approaching 96 per cent 


TABLE II 
PRESSURE STUDIES IN ATRIAL SEPTAL DEFECTS 
Periph- 

Superior Right Left Pulmonary Right Pulmonary iad 

Vena Cava Auricle Auricle Vein Ventricle Artery Artery 
Name Shunt 

ge 

G. M.| F, 27 1.5 1.5 ...] ../59] ...] ..] Left-right 
7 6 ..{10) ...) ../14) 125) 60) Right—left 
P.D..| F,19} 5 |-1 5 |-1 5 |-1 6 65| ...| ..| Mixed 
C. H.| F, 19] 15 5 15 5 15 0 
H.B..| F, 18 11 9 13 | 11 18 | 15 ...] ..]..] ...] ..]..] 106] 60) Right—left 
M. B.|M,22| 5 0 6 8 1 123} 8]..| 123) 130] 70} Left-right 
H. 3 0 3 0 |. 10 1 70| 70} 25)..| ...] ..| Left-right 
R. M, 38| 15 6 15 6:1. 80; 10). 75| 40/..] ...| ..] Right-left 


* Proven by autopsy but not by cardiac catheterization 


four cases the pulmonary vein was entered as 
well. In one patient, R. H., the diagnosis of 
atrial septal defect was not proven until autopsy. 

In addition to the ten cases reported, seven 
patients were catheterized in whom the diagnosis 
of interatrial septal defect was “presumptive.” 
Of this group five patients showed a rise of 
oxygen content of at least two volumes per cent 
from superior vena cava to right auricle. One 
patient had a borderline increase in oxygen con- 
tent. In the final patient the pulmonary vein 
was entered but a superior vena cava oxygen 
content was not obtained. 

These patients were considered “‘presumptive”’ 
examples of interatrial septal defect since their 
findings may be simulated exactly by partial 
transposition of the pulmonary veins into the 
right auricle. Although this anomaly is not 
common, we have met with five cases among 
150 cardiac catheterizations and believe it is 
more frequent than realized. It has been our 
experience that unless a very definite effort is 
made to search the lateral wall of the right 
atrium with the tip of the catheter such a 
diagnosis will be easily missed. The patients in 


is the rule. In withdrawing the catheter tip to 
the left atrium there is a slight drop in satura- 
tion. On further withdrawal of the catheter to 
the right atrium a marked drop in oxygen con- 
tent and saturation occurs, produced by the 
admixture of blood entering the right atrium 
from the superior and inferior vena cava, and 
from the coronary sinus. In comparing the 
oxygen content of the right atrium with that of 
the superior and inferior vena cava a definite 
rise of 1.5 to 2.0 volumes per cent is noted.° 
This rise of oxygen content from venous system 
to right atrium is usually evident but may be 
masked if a representative sample from the 
right atrium is not selected. In other words, if a 
single sample is chosen in which the catheter tip 
lies near the opening of the coronary sinus such 
a “right auricular” sample may show no rise 
whatever, but even a fall in oxygen content may 
be noted. 

In addition to securing a “representative’’ 
sample from the right atrium Limon? has em- 
phasized the importance of securing a “‘repre- 
sentative” sample from the cavae. By rotating 
the catheter tip in the inferior vena cava Limon 
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has come to the conclusion that marked differ- 
ences—as much as 3 to 4 volumes per cent—may 
exist in the inferior vena cava itself, and that 
laminar flow is present. In other words there is 
incomplete mixing of various return flows from 
kidney, lower extremities and liver, with the 


are strikingly different from those in left to right 
shunts. In addition it is important to emphasize 
that when a predominantly right to left shunt 
is present with atrial septal defect, the diagnosis 
may be missed entirely when the catheter does 
not enter the left atrium and pulmonary vein. 


TABLE III 
BLOOD OXYGEN STUDIES IN INTERATRIAL SEPTAL DEFECT fe 
Oxygen Content Oxygen Saturation pons 
Sex 
N 
ome) Age Supe- | Pul- 
ri Right | Left Right | Pulmo-| Periph-| Pulmo-| Left | Periph-} Vol. 
ior . | mo- 

‘Vien Auri- | Auri- nary Ven- | nary eral nary | Auri- | eral % 

Cice cle cle Wide tricle | Artery | Artery | Vein cle | Artery| Or 
G. M.| F,27| 11.60} 15.40} 18.25) 18.55) 14.25) 14.45 | ..... | 20.70 } Left-right 
ME, S24 11.00) 12242) 27.66)... 85.0 | 86.1 | 20.78 | Right—left 
15.87 | 90.76 | 81.5 | 79.4 | 19.97 | Mixed 
19.06 | 97.6 | 83.5 | 79.3 | 24.05 | Right-left 
M.B..| M, 22] 12.47] 16.48] 20.47) ..... 02 | 19:76) ..... 94.03 | 90.77 | 21.77 | Left-right 
12-27) 37 96.3 | 93.6 | 18.65 | Left-right 


* Proven by autopsy but not by cardiac catheterization 


flow from each organ maintaining its ‘‘own”’ 
oxygen content. Brannon et al.’ and Banghart?® 
believe that ‘“‘mixed” superior and inferior vena 
cava blood constitutes a more “‘representative”’ 
sample than that of either vena cava alone. 

Four of our ten patients in Tables m and m 
(M.B., H.A., G.M. and J.B.) appear to have had 
predominantly left to right shunts. Thus three 
of these had a relatively normal arterial oxygen 
saturation; in the other, although no peripheral 
artery sample was obtained, the oxygen satura- 
tions of pulmonary vein and left atrium were 
approximately equal. The oxygen increments 
in right atrium compared to superior vena cava 
were 3.8, 4.0, 3.1 and 2.9 volumes per cent, 
respectively. 

Predominant Right to Left Shunt. Occasional 
patients with atrial septal defect may show a 
predominant or total right to left shunt. This 
situation is often produced in the presence of an 
additional lesion involving the right side of the 
heart, such as primary pulmonary disease, 
pulmonary stenosis or mitral stenosis with 
borderline or frank right-sided heart failure. 

The catheterization findings in this situation 
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The oxygen saturation in the pulmonary 
vein is the same as in left to right shunts and 
approaches 96 per cent in the absence of pulmo- 
nary disease. When the catheter is withdrawn 
to the left atrium, a marked drop in saturation 
results as the catheter is introduced into the 
stream of blood coming through the defect from 
the right.” As the catheter is withdrawn further 
a lesser drop in saturation occurs, depending, of 
course, on the size of the shunt itself. In this 
situation there should be little or no difference 
in oxygen content between mixed caval blood 
and that in the right atrium, since little or no 
left atrial blood enters the right atrium. It is 
obvious that if the catheter does not enter the 
left atrium, the diagnosis of atrial septal defect 
will be missed in the presence of a predominant 
right to left shunt. 

Four of our patients showed predominant 
right to left shunts, R. H., H. B., J. C. and C. H. 
The first patient had primary cor pulmonale 
and the atrial septal defect was not diagnosed at 
the time cardiac catheterization was performed, 
but at autopsy. These present excellent illustra- 
tions of the difficulties of catheterization diag- 
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nosis of atrial septal defect in the presence of a 
predominant right to left shunt. The maximum 
rise in oxygen content between the superior 
vena cava and the right atrium was 0.7 volumes 
per cent. We believe this to be quite important. 
It shows how easily errors of diagnosis might 
arise during catheterization. Such small differ- 
ences would never have disclosed the presence 
of an atrial septal defect. Again the passage of 
the catheter through the defect itself must be 
emphasized as the sole positive criterion of 
diagnosis. 

In this connection the data of Limon? on 
mixed shunts appear important. In eight of his 
cases the mean rise of oxygen content between 
right atrium and superior vena cava was only 
1.5 volumes per cent. In one of our cases (R. H.) 
there was a drop of 0.6 volumes per cent be- 
tween cava and atrium. Here, the ventricular 
sample showed a rise of 1.5 volumes per cent 
over the caval saturation and was erroneously 
reported as evidence of a ventricular septal 
defect. A small left to right shunt was un- 
doubtedly present but the right atrial sample 
was most likely drawn from a location near the 
opening of the coronary sinus. The evidence 
for a primary right to left shunt is in this case 
indirect, since no left auricular or pulmonary 
vein sample was obtained. However, because 
of the elevated right atrial pressure (the patient 
was in mild right-sided failure during cardiac 
catheterization) it is presumed that a predomi- 
nant right to left shunt was present as an im- 
portant additional factor in the production of 
the gross arterial desaturation. 

The remaining three cases showed desatura- 
tion in the left atrium of a more marked degree 
than the four predominantly left to right shunt 
patients. In one, H. B., the pulmonary vein was 
entered and 97 per cent oxygen saturation was 
found as compared to 84 per cent in the left 
atrium, demonstrating that cyanosis was due 
to the shunt and not to pulmonary factors. 

Bi-directional Shunts. In general most pa- 
tients with atrial septal defect show “mixed” 
shunts. Usually the left to right shunt pre- 
dominates, particularly in the younger patients. 
The truly bi-directional shunt reflects the inter- 
play of the right to left and left to right flows 
through the septal defect without conclusive 
predominance of either flow. As in the shunts 
with major left to right flow there is oxygenation 
of the right atrium; in the shunts with major 
right to left flow there is desaturation of the left 


atrium. The femoral artery saturation is border- 
line, representing the admixture of right and left 
flows within the left atrium. Two of our cases 
fell into a bi-directional pattern. In one, P. D., 
the left to right flow evidence provided by a 
3.1 volume per cent rise in oxygen saturation 
between superior vena cava and right atrium 
was balanced by a 2 volumes per cent drop 
from pulmonary vein to left atrium. Here, too, 
the peripheral artery was only 79 per cent 
saturated. In the other patient, W. H., the rise 
from superior vena cava to right atrium was but 
0.1 volume per cent. The left atrium, however, 
showed 92 per cent saturation. 

Atrial Pressures. Pressure contours in the 
right auricle have been well described by 
Bloomfield et al.:11 “‘Auricular systole appears 
as a monophasic positive wave with its onset 
slightly after the P wave of the electrocardio- 
gram. Associated with the onset of ventricular 
contraction is a small initial pressure rise, 
followed by a sharp fall. The initial rise, not 
present in all tracings, has been ascribed by 
Wiggers to the impact of the closing of the AV 
valves on the intra-auricular blood mass, or 
possibly to the slight regurgitation before closure. 
The pressure fall is attributed to the descent of 
the base of the heart during ventricular ejection. 
During the remainder of ventricular systole, the 
interauricular pressure gradually rises until the 
AV valves re-open. At this moment the pressure 
falls fairly abruptly as the auricle and ventricle 
become a common chamber, after which it 
gradually rises until the next auricular systole.” 

Pulse contours in atrial septal defect are 
usually higher in the left than in the right 
atrium.!? Cournand!* described the left atrial 
pressure as follows: “They differ greatly from 
blood pressure curves of the right auricle in the 
following characteristics: A. The pressure rise 
during the auricular systole was greater. In two 
cases where the tracings could be satisfactorily 
compared, the pressure at the peak of the 
auricular systolic wave in the left auricle aver- 
aged 13.1 mm. Hg as against 4.7 mm. Hg in 
the right. B. The slightly positive wave or notch 
corresponding to the onset of ventricular systole, 
clearly visible after the right auricular systolic 
wave, was not visible in the left auricular trag- 
ing.’ In three cases Cournand has averaged 
mean pulmonary vein, left auricular and right 
auricular pressures, viz., pulmonary vein 6.2, 
left auricle 4.1 and right auricle 1.4. 

Our left auricular pressure curves in left to 
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right shunts have shown a higher mean pressure 
than that in the right auricle, usually 2 or 3 mm. 
Hg higher, and the individual pressure waves 
appear several times the size of their comparable 
right auricular equivalents. (Table 1.) Little!‘ has 
attempted to explain this increased left auricular 
pressure on the basis of diminished distensibility 
of the left auricle. 

Pulmonary venous pressure curves have, in 
our experience, been particularly striking in 
showing (1) more well defined respiratory 
variations than auricular pressure curves and 
(2) less well defined individual waves. 

Auricular pressure curves have been described 
in some detail in order to estimate their im- 
portance in determining the direction of the 
interatrial shunt. In the series of Calazel et al.'° 
right atrial pressure was greater than left atrial 
pressure when a right to left shunt was present 
and opposite pressure changes were recorded in 
a left to right shunt. They found a small pressure 
differential in the presence of mixed shunts and 
believed that they could demonstrate reversal 
of pressure relationships during a portion of the 
cardiac cycle comparable to the shift in the 
direction of the shunt. 

Our own small series of atrial pressure tracings 
supports the aforementioned conclusions. Mean 
pressure gradients between right and left atria 
in left to right shunts were —1, —2, —2 and 
—3 mm. Hg, respectively, in comparison to 1, 
2 and 3.5 mm. Hg in right to left shunts. In the 
two mixed shunts without preponderance in 
either direction pressures were equal in the two 
atria. 

Causes of Cyanosis. Arterial desaturation in 
atrial septal defects may be due to any of three 
factors. Normally there is some desaturation of 
arterial blood from the normal coronary venous 
channels entering the left atrium and ventricle. 
A second factor is the presence of a right to left 
interatrial shunt. A third possible factor is the 
presence of desaturation in the pulmonary 
venous blood. In addition to these three 
“‘arterial’’ causes of cyanosis there is the possi- 
bility of acrocyanosis in atrial septal defect as a 
fourth factor. 

In general, from the series of Handelsman et 
al.,1® Bing!’ and Hickam! it is apparent that 
pulmonary venous blood shows little desatura- 
tion except in the very unusual case. Our series, 
and that of Hickam, appears to show that the 
major degree of desaturation occurs in the left 
auricle and is due to a right to left shunt. An 
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additional 3 to 4 per cent desaturation is pro- 
duced by the entrance of normal coronary 
venous channels into the left ventricular cavity. 
Thus, given, let us say, an average oxygen 
saturation in the peripheral artery of 85 per cent 
in a typical atrial septal defect, practically all 
of this desaturation is due to the shunt itself. 
The amount of additional cyanosis produced 


- peripherally (acrocyanosis) is speculative. Taus- 


sig!® states that acrocyanosis due to increased 
oxygen utilization in the periphery “may” be 
present. We have no data on this point. It seems 
unlikely, however, that any additional reason 
is necessary for cyanosis since observable cyano- 
sis is said to be apparent at about a level of 
85 per cent arterial saturation. 

In occasional cases of atrial septal defect 
marked cyanosis and clubbing are significant 
features. Selzer! in reviewing the literature has 
collected eleven such cases, 7 per cent of a total 
of 180 proven autopsy cases. Although it has 
been occasionally stated that complete reversal 
of flow with a total right to left shunt is a ter- 
minal complication of interatrial septal defect, 
this point of view is not substantiated by Selzer. 
All of his patients showed cyanosis for a period 
of two to thirty-five years. They appeared 
pathologically not to differ from the non- 
cyanotic group. Pulmonary vascular changes 
were insufficient to account for the presence of 
cyanosis and Selzer concluded that free admix- 
ture of blood through large defects was the chief 
factor responsible. 

The final dynamic problem in atrial septal 
defect concerns the pressure flow relationships 
in the pulmonary circulation. The pulmonary 
artery pressure in atrial septal defect varies 
widely. Barber* noted no rise of pulmonary 
artery pressure in twenty-one patients. In the 
group reported by Taylor et al.?° all but one of 
nine patients had pressures over 30 mm. Hg 
systolic, but in general they were only moder- 
ately elevated. In our group we found moderate 
to marked elevation of pressure in six of seven 
patients. Such pressure levels correspond well 
with those of Healey”!:?? (moderate to marked 
elevation in four patients) and Hickam! (moder- 
ate to marked hypertension in three of four 
patients). 

In view of the marked variations in pulmo- 
nary artery pressures, as noted previously, it is 
not surprising that calculations of pulmonary 
vascular resistance in atrial septal defect showed 
similar wide fluctuations. In general, our own 
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data show moderate increase in vascular resist- 
ance. However, as noted by Dexter® and others, 
tremendous flows may be present in the pulmo- 
nary circulation with no rise whatever in pres- 
sure, demonstrating greatly reduced resistance. 
The cause for increased vascular resistance in 
some patients with atrial septal defects remains 
obscure. Whether it results from the prolonged 
effect of increased right ventricular output 
(along with concomitant arteriolar changes) or 
whether it is a secondary result of anoxia caused 
by arterial desaturation remains to be seen. 
Welch?’ and Massee”! have shown that arteriolar 
changes develop in patients with large pulmo- 
nary blood flow, and Motley”> has recently 
related acute anoxia (though not chronic) to 
increased pulmonary artery pressure. 

Our data illustrate two distinct types of pa- 
tient with atrial septal defect. The younger 
patients without a history of cyanosis were shown 
to have high arterial oxygen saturations, high 
left atrial pressures, a marked rise of oxygen 
content between cavae and right atrium, full 
pulmonary vascular shadows and, frequently, a 
systolic pulmonic thrill. The older patients and 
those with other defects or heart failure had a 
history of cyanosis, low arterial oxygen satura- 
tion, elevated right atrial pressures, little or no 
rise of oxygen content between superior vena 
cava and right atrium, less prominent pulmo- 
nary vascular shadows and absence of a pul- 
monic thrill. (Table 1.) 


SUMMARY 


1. Ten proven and seven presumptive cases 
with atrial septal defects have been presented. 

2. The importance of catheterization of the 
left auricle is emphasized, together with the 
differential diagnosis of atrial septal defect from: 
transposed pulmonary veins. 

3. A rise of oxygen content in the right 
atrium in comparison to the oxygen content of 
the superior vena cava is not necessarily present 
in proven atrial septal defects. 

4. The cause for cyanosis in atrial septal 
defect lies primarily in the presence of a right 
to left shunt. 

5. The direction of shunt is determined by 
the pressure gradient between the atria during 
the cardiac cycle. 

6. Pulmonary vascular disease may con- 
tribute to the pulmonary resistance but is not a 
significant factor in the production of cyanosis. 


Acknowledgment: We are indebted to Miss 
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Precipitation by Pulmonary Infection of 


Acute Anoxia, Cardiac Failure and 


Respiratory Acidosis in Chronic 


Pulmonary Disease 


Pathogenesis and Treatment 
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HE occurrence of acute fatal anoxia in 

chronic pulmonary disease is well recog- 

nized. Unfortunately the pathogenesis of 
this clinical picture and the role of infection are 
not always clearly understood. Furthermore, a 
lack of appreciation of the disturbed physiologic 
state often results in unsound or, at best, inade- 
quate therapy. In the past few years the danger 
of oxygen therapy in the management of 
acutely ill patients who have underlying pulmo- 
nary disease has been stressed. The mechanisms 
leading to carbon dioxide retention and respira- 
tory acidosis have been previously elucidated 
and modes of therapy, including artificial 
respiration, have been successfully applied.' 

We have been impressed with a group of 
patients presenting the picture of chronic 
pulmonary insufficiency, with superimposed 
bronchial infection, acute anoxia and cardiac 
failure. The tendency to regard these patients 
simply as cases of cardiac failure or pulmonary 
infarction served as a stimulus to investigate 
them in order to elucidate the pathogenesis of 
the acute anoxia and a physiologic basis for 
therapy. 

The purpose of this paper is to present several 
cases of chronic pulmonary disease illustrating 
the effect of infection and bronchial obstruction 
in producing acute anoxia; to show by physi- 


ologic studies the danger of oxygen therapy 
without some form of artificial respiration; and, 
finally, to present a therapeutic outline which 
has as its objectives relief of anoxia, control of 
infection and avoidance of decompensated 
respiratory acidosis. 


MATERIAL AND METHODS 


The patients studied had underlying chronic 
pulmonary disease with some degree of pulmo- 
nary insufficiency and initially were acutely 
anoxic. During the period of acute illness arterial 
punctures were performed and on each blood 
sample the following determinations were 
simultaneously made: (1) carbon dioxide and 
oxygen contents, oxygen capacity and saturation 
by the method of Van Slyke and Neill,’ (2) 
partial pressures of carbon dioxide (pCOz2) and 
oxygen (pOz) by the method of Riley et al.* and 
(3) in one case direct determinations of the 
pH utilizing the Cambridge Research pH meter. 

Following clinical recovery, when possible, 
complete pulmonary function studies were per- 
formed, using the technics outlined by Baldwin 
et al.‘ for lung volumes, exercise responses, 
ventilation and blood gases. The analyses of gas 
tensions and calculation of alveolar-arterial 
oxygen gradients on room air, high and low 
oxygen mixtures, were performed by the technics 


* From the Medical Service and Cardio-Pulmonary Laboratory of the Bronx Veterans Administration Hospital, 
New York, N. Y. Reviewed in the Veterans Administration and published with the approval of the Chief Medical 
Director. The statements and conclusions published by the authors are the result of their own study and do not neces- 
sarily reflect the opinion or policy of the Veterans Administration. 
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outlined by Lilienthal and Riley.® Analysis of 
expired air for carbon dioxide and oxygen was 
performed on the micro-Scholander apparatus. 

In two cases in which artificial respiration was 
used control studies were made to determine 
the effect of artificial respiration with and with- 
out oxygen therapy. 
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tory rate of 34 per minute. There was a frequent 
shallow cough productive of frothy, white 
sputum. The neck veins were distended. Ex- 
amination of the chest revealed an increase in 
the anteroposterior diameter, diminished reso- 
nance to percussion and diminished intensity 
of the breath sounds throughout both lung 


TABLE I 
ARTERIAL GAS STUDIES IN CASE I 
CO: Content | O2 Capacity | O2 Satura- pO» pCO, pH 
_ (vol. %) (vol. %) tion (%) | (mm. Hg) | (mm. Hg) | calc. 
11/27/50 Admission,to hospital 51.3 18.0 56.3 38 71 7.19 
1/8/51 Following recovery from 55.5 17.0 89.4 76 53 7.36 
infection 


Analysis of all blood gases was done immedi- 
ately upon withdrawal of a specimen. Duplicate 
determinations were performed on each speci- 
men and the following checks were obtained: 
CO: content 0.2 volumes per cent; O2 satura- 
tion 0.4 per cent; CO2 and Oz tensions 2 mm. of 
mercury; and pH 0.01 pH units. In our labora- 
tory we have found a close correlation between 
the direct pCO. determination by the bubble 
technic and the calculated pCO: based on the 
Henderson-Hasselbalch equation, utilizing the 
direct pH measurement and the plasma CO, 
content.® 

The pneumatic balance resuscitator (PBR) 
used in Case 1v was a Burns model. A positive 
pressure equivalent to 15 cm. of water was ob- 
tained. The respirator used in Cases n, m1 and Iv 
was of the Drinker-Collins variety. ‘The pressures 
obtained were —15 during inspiration and +15 
with expiration; the rate was 18 to 20 cycles per 
minute. 


CASE REPORTS 


CasE 1. A forty-seven year old white male, 
railroad handyman was admitted on December 
27, 1950, with weakness, cough and chest pain 
of four days’ duration. The patient had been 
well until five months prior to admission at 
which time exertional dyspnea developed. 
Shortly before admission he developed a non- 
productive cough, pleuritic type chest pain and 
cyanosis which progressed. 

Physical examination on admission revealed 
a deeply cyanotic, obese white male with a 
temperature of 98°r., pulse of 100 and respira- 
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fields and fine crackling rales at both bases. 
There was a sinus tachycardia of 100 and blood 
pressure was 102/80. The second pulmonic 
sound was accentuated. A firm, non-tender 
liver edge was palpated four fingerbreadths 
below the right costal margin. There was pallor 
and cyanosis of the extremities. 

A hemogram was normal. There was 1 to 3 
plus albuminuria, and occasional granular casts 
in the urinary sediment. Chest roentgenogram 
disclosed marked enlargement of the heart, 
mainly of the right side, prominence of the 
pulmonary artery and conus, a small right 
pleural effusion and congestive changes at both 
lung bases. The electrocardiogram revealed 
evidence of right ventricular strain. Arterial 
blood gas studies were performed. (Table 1.) 
Blood urea nitrogen was 96 mg. per cent. 
Venous pressure was 256 mm. of water, decholin 
circulation time 22 seconds and ether time 
9 seconds. 

On the day of admission the patient was 
placed in an oxygen tent and given penicillin. 
He was digitalized rapidly with lanatoside C® 
intravenously and then maintained on digoxin. 
Despite these measures he remained markedly 
cyanotic and became less alert while in the 
oxygen tent. He remained afebrile but developed 
herpetic lesions about the mouth. On the fourth 
hospital day aureomycin was added to the 
therapeutic regimen because the patient was 
thought to have a virus pneumonia. 

Because of the persistence of cyanosis and the 
patient’s failure to respond to the usual measures 
for treatment of cardiac failure, a diagnosis of 
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pulmonary embolism was suggested and anti- 
coagulant therapy was begun. Through the next 
weeks there was a slow progressive improvement 
with a rise in the blood pressure, diminution of 
the blood urea nitrogen, and clearing of con- 
gestive heart failure. The patient became more 


bases. Cardiac examination was normal except 
for an accentuated second pulmonic sound. 
The liver was palpable two fingerbreadths below 
the right costal margin and there was moderate 
ankle and sacral edema. 

A roentgenogram of the chest revealed ex- 


TABLE II 
ARTERIAL GAS STUDIES IN CASE II BEFORE, DURING AND FOLLOWING RESPIRATOR THERAPY 
CO: Content | O2 Capacity | O2 Satura- pO2 pCO, pH 
(vol. %) (vol. %) tion (%) | (mm. Hg) | (mm. Hg) | calc. 
7/2/51 Breathing room air 73.9 20.4 64.7 31 84 7.00 
7/3/51 (a) Breathing room air, in respi- 72.6 21.0 69.1 35 75 7.34 
rator 
(b) Breathing oxygen, in respi- 75.0 20.8 82.3 61 75 7: 
rator 
(c) Breathing oxygen, out of 7o.T 21.4 85.9 78 87 7.29 
respirator 
7/6/51 (a) After 3 days in respirator, 67.5 77 92.8 82 72 1 
breathing 
(b) Breathing room air, out of 66.7 77 81.3 56 71 7.38 
respirator 
8/3/51 Following recovery: 
(a) Breathing room air 53.9 19.6 88.9 69 57 7,30 
(b) Breathing 29% oxygen a7 5 19.6 5.3 99 62 7.33 


alert after removal from the oxygen tent several 
hours each day. Roentgenograms revealed de- 
crease in the heart size and diminution of the 
pulmonary congestion. Arterial blood studies 
on January 8, 1951, demonstrated an increase 
in the pOs, oxygen saturation and pH, and 
decrease in the pCO». (Table 1.) Pulmonary 
function studies performed when the patient was 
asymptomatic revealed a typical pattern of 
pulmonary emphysema. (Tables 1 and v.) 

Case 1. A sixty-two year old white male 
printer was admitted on June 30, 1951, with 
dyspnea, orthopnea and cough of two weeks’ 
duration. The patient had a history of pneu- 
monia in childhood and recurrent pulmonary 
infections since the age of eighteen. He noted 
frequent productive cough, wheezing and dysp- 
nea. Two weeks prior to admission the symptoms 
became progressively more severe and pedal 
edema was noted for the first time. 

At the time of admission the patient appeared 
chronically ill, cyanotic and tachypneic. The 
temperature was 100°F., the pulse was 96 and 
regular, the blood pressure 160/70. Mucoid 
secretion was noted in the pharynx. There was 
an increase in the anteroposterior diameter of 
the chest, generalized wheezing throughout 
both lung fields and moist rales at both lung 


tensive emphysema and fibrosis. An electro- 
cardiogram was consistent with right ventricu- 
lar hypertrophy. Blood count revealed 5.4 mil- 
lion red blood cells, hemoglobin 16.3 gm., white 
blood count 13,000, and a normal differential. 
Urinalysis demonstrated 3 to 4 plus albumin, 
specific gravity 1.020, and occasional leukocytes 
and granular casts. The remainder of renal 
function studies were normal. 

On the day of admission the patient remained 
cyanotic and disoriented. He was given peni- 
cillin, bronchodilators and mercurial diuretics 
with no apparent change in his condition. 
Digitalization was begun on the second hospital 
day. Oxygen was administered intermittently 
and on several occasions the patient was noted 
to become semi-stuporous. Arterial blood gas 
studies demonstrated marked oxygen unsatura- 
tion, a low pO» and high pCOz. (Table It 
was believed that the patient showed no signs 
of improvement with routine therapy, and 
actually seemed worse while receiving oxygen. 
Because of this a Drinker-Collins respirator was 
used in an effort to produce adequate ventila- 
tion during oxygen administration. While the 
patient was in the respirator, arterial blood gas 
studies demonstrated decrease in anoxia without 
increase in hypercapnia. (Table m1.) 
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The patient was treated during the next four 
days with oxygen and the respirator, during 
which time there was a progressive improve- 
ment with disappearance of cyanosis, clearing 
of the mental processes and a decrease in signs 
and symptoms of congestive heart failure. 


perature was 99°F., pulse 112 and blood pressure 
110/80. Examination of the chest revealed an 
increase in the anteroposterior diameter and 
restriction of motion of the chest cage. There 
was dullness to percussion and many coarse 
rales at the right base and diminished breath 


TABLE Il 
ARTERIAL GAS STUDIES IN CASE III BEFORE, DURING AND FOLLOWING RESPIRATOR THERAPY 
CO, Oz Oz 
Content | Capacity | Saturation pat 
(vol. %) | (vol. %) (%) (mm. Hg) | (mm. Hg) | direct | calc. 
9/26/51 (a) Breathing oxygen continu- 72.6 21.1 88.1 69 93 7.203 F.25 
ously 
(b) Breathing room air Ti 21.3 47.0 19 70 7.334 
(c) Breathing room air, in 67.7 20.1 58.3 31 74 
respirator 
(d) Breathing oxygen in respi- 67.2 20 .4 90.7 83 75 7.28 | 7.31 
rator 
(e) Breathing oxygen, in respi- 66.0 20.4 83.4 78 65 tae) ie 
rator, plus suction and vapo- 
nephrine 
9/28/51 (a) After 48 hours in respi- 61.6 21.0 78.1 46 57 7,365 7:39 
rator: breathing 
(b) Breathing room air, out of 65.3 21.0 69.0 39 54 7.40 | 7.43 
respirator 
(c) Breathing Oz, out of respi- 64.5 20.4 90.6 90 60 7.39 | 7.40 
rator 
10/10/51 Following recovery: 
Breathing room air 44.7 23:2 83.3 59 45 7.36 | 7.34 


Further arterial studies revealed a decrease in 
the pCO, and CO; content of the blood and an 
increase in the pO» and oxygen saturation. 
(Table un.) The patient was removed from the 
respirator and oxygen therapy was discontinued. 
He continued to improve and gradually resumed 
full activities. One month later complete 
pulmonary function studies were performed 
demonstrating the typical pattern of severe 
emphysema. (Tables v and v1.) . 
Case 11. A fifty-nine year old white male 
accountant was admitted on September 22, 
1951, with severe cough and dyspnea. For 
thirty years the patient had noted chronic cough 
which was frequently productive, along with 
bouts of bronchitis. He smoked two packages 
of cigarettes daily. Three years prior to admis- 
sion exertional dyspnea and wheezing de- 
veloped. Ten days prior to admission, following 
an upper respiratory infection, there was an 
increase in the cough and dyspnea and develop- 
ment of ankle edema. On physical examination 
there were marked dyspnea and cyanosis. ‘Tem- 
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sounds throughout. Examination of the heart 
revealed no abnormalities other than a loud 
second pulmonic sound. There was moderate. 
ankle edema and minimal clubbing of the 
fingers. 

X-ray of the chest revealed severe generalized 
emphysema and a pneumonic consolidation at 
the right base. Electrocardiogram was compati- 
ble with right ventricular hypertrophy. The 
hemogram and blood chemistries were normal. 

For the first three days of hospitalization the 
patient was treated with intermittent oxygen, 
antibiotics in the form of penicillin and aureo- 
mycin and bronchodilators. There was a low 
grade fever. He remained cyanotic when out of 
the oxygen tent and moderate amounts of 
purulent sputum were noted. On September 25, 
1951, he was noted to be extremely. confused 
after several hours in an oxygen tent and rapid 
improvement followed removal from it. 

On the fourth hospital day arterial blood gas 
studies were performed and confirmed the 
clinical impression of CO: retention and decom- 
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pensated acidosis as a result of prolonged oxygen 
administration. (Table mm.) The patient was 
placed in a Drinker-Collins respirator and 
oxygen was administered continuously by nasal 
catheter. The pharynx was aspirated at frequent 
intervals. Bronchodilators and penicillin were 


There was a suggestion of ascites and there was 
moderate peripheral edema. 

Blood count on admission revealed a normal 
white blood count and differential, red blood 
count 6 million, hemoglobin 18.5 gm., hemato- 
crit 62 per cent. A chest roentgenogram revealed 


TABLE IV 
ARTERIAL GAS STUDIES IN CASE IV BEFORE AND AFTER ARTIFICIAL RESPIRATION 
D CO, Content | O2 Capacity | Oz Satura- pO2 pCOz pH 
_ (vol. %) (vol. %) tion (%) | (mm. Hg) | (mm. Hg) | calc. 
6/1/51 Breathing room air (comatose) 59.3 22.2 39.2 26 96 7.14 
before use of PBR 
6/4/51 Breathing room air, before use 62.4 20.1 87.6 55 bY 7.40 
of respirator 
7/19/51 Breathing room air, following 58.3 19,2 92:3 66 69 729 
recovery 


continued. After approximately two hours in 
the respirator it was noted that a large quantity 
of secretions was being raised. Wheezing and 
pulmonary congestion diminished and the pa- 
tient had improved symptomatically. After 
forty-eight hours the respirator and oxygen 
therapy were discontinued and the patient con- 
tinued to do well. Arterial gas studies reflected 
the clinical improvement. (Table 11.) 

Complete pulmonary function studies were 
performed two weeks later, demonstrating the 
pattern of severe emphysema. (Tables v and v1.) 

Case tv. A fifty-six year old Puerto Rican 
male was admitted on May 24, 1951, with 
dyspnea of three weeks’ duration and productive 
cough for one week. In 1921 the patient had 
pleurisy. In 1946 he was refused employment 
because of an abnormal chest x-ray. He had 
noted intermittent wheezing and dyspnea for 
three years before admission and ankle edema 
for two years. 

At the time of admission the patient’s tem- 
perature was 103°F., the pulse 116. He was 
orthopneic and cyanotic. Poor expansion of the 
chest bilaterally with more limitation on the 
right was noted. There was dullness to percussion 
over the lower half of the right lung field and at 
the left base, diminished breath sounds and 
tactile fremitus over these areas, moist rales at 
the left base and occasional wheezing over the 
right upper lung field. The pulmonic second 
heart sound was accentuated. The liver was 
two fingerbreadths below the right costal margin. 


extensive bilateral pleural calcification and 
moderate cardiac enlargement. An electro- 
cardiogram was consistent with right ventricular 
hypertrophy. Venous pressure was 280 mm. of 
water, decholin circulation time 15 seconds, 
ether time 10 seconds. 

The patient was treated with penicillin and 
bed rest for the first five days with no change in 
the clinical picture. On the fifth hospital day 
digitalization was begun and oxygen was ad- 
ministered intermittently by mask. Later that 
day the patient was noted to be semi-stuporous. 
He was placed in an oxygen tent and treated 
with mercurial diuretics. Shortly thereafter he 
became comatose although cyanosis diminished. 
The stupor persisted until the patient was re- 
moved from the oxygen tent for routine care 
the next day. It was believed at this time that 
the patient was in severe respiratory acidosis 
and that this was aggravated by oxygen therapy. 
In order to alleviate this artificial respiration in 
the form of the pneumatic balance resuscitator 
was applied. Within one hour there was clearing 
of the mental processes and disappearance of 
cyanosis. Artificial respiration was discontinued 
later that day, and the patient maintained 
satisfactory clinical progress for the next forty- 
eight hours. Arterial blood gas studies (Table rv) 
reflected this improvement. Although the pa- 
tient was fairly comfortable at this time, it was 
believed that oxygen therapy was still indicated 
because of moderate anoxia. Artificial respira- 
tion was reinstituted by means of a Drinker- 
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Collins respirator and oxygen was administered 
by nasal catheter. This was continued inter- 
mittently for one week, along with antibiotics, 
bronchodilators and treatment of cardiac de- 
compensation. On June 12, 1951, respirator 
and oxygen therapy were discontinued. The 


ventilatory insufficiency without significant 
abnormalities of the alveolar-arterial oxygen 
gradients (Tables v and vr) and without any 
evidence of emphysema. In view of this and 
the calcified pleurae and restriction of chest cage 
motion on fluoroscopy, it is believed that the 


TABLE V 
LUNG VOLUMES AND VENTILATION FOLLOWING RECOVERY FROM ACUTE ILLNESS 
Predicted Observed Predicted Observed 
Case Vital Vital Residual Residual Shaan M.B.C. 
No. Capacity Capacity Air Air ; (%) 
(cc.) (cc.) (cc.) (cc.) (%) Total capacity 
(%) 

I 4,020 1,795 1,295 3,875 2.49 65.6 35 

ul 3,990 1,605 1,290 3,090 9.30 61.7 15 

Ill 4,020 1,970 1,300 “3,700 9.04 65.6 16 
IV 3,800 900 1,220 880 7 


patient was relatively asymptomatic and all 
signs of congestive heart failure had disap- 
peared. Fluoroscopy at that time revealed 
bilateral pleural calcification, no motion of the 
rib cage, restriction of diaphragmatic motion 
and only minimal enlargement of the left 
ventricular outflow tract. Complete pulmonary 


TABLE VI 
BLOOD AND GAS STUDIES FOLLOWING RECOVERY 
FROM ACUTE ILLNESS 


Oz A-A* 
: D 
on | Saturation | pOz | pCO2)| Gradient 
No ; after (mm. | (mm. | with Room) ,;. 
at Rest (in % of 
(%) Exercise Hg) Hg) Air tidal air) 
(% (mm. Hg) 
n 88.9 aa 69 57 16 55 
1 83.3 AE 59 45 40 43 
Iv 92.3 84.6 66 69 4 56 


* In Cases 11 and 11 the gradient was higher with greater oxygen con- 
centrations in the inspired air and normal with low mixtures. 
function studies were performed one month 
later and these revealed marked impairment 
of ventilation. (Tables v and v1.) 


RESULTS AND COMMENTS 


It is apparent from the clinical histories and 
pulmonary function studies that these patients 
had chronic pulmonary disease with variable 
degrees of pulmonary insufficiency. Functional 
studies in the first three cases revealed a clear- 
cut emphysema pattern. (Tables v and v1.) 
While Case tv also had long-standing pulmo- 
nary disease, the functional pattern was that of 
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patient’s anoxia and hypercapnia was on the 
basis of defective diaphragmatic and chest wall 
bellows action. The definitive studies of pulmo- 
nary function were made following complete 
recovery from acute illness, and it is reasonable 
to assume that the results are representative of 
the basic functional picture of these patients. 

Analysis of the case histories reveals that in 
each case a superimposed pulmonary infection 
was the initial event in the development of the 
acute phase. This infection was usually in the 
nature of a _ bronchitis with superimposed 
bronchopneumonia. Case m1, in addition, had 
x-ray evidence of lobar involvement. It is of | 
interest to note that, with the exception of 
Case Iv, these patients were either afebrile or 
ran a low-grade fever. Similarly, except for 
transient leukocytosis in Case 1, the white cell 
count was usually normal and therefore recog- ° 
nition of the infection was made even more 
difficult. Anoxia and profound cyanosis had 
developed by the time of admission to the 
hospital and definite symptoms and signs of 
cardiac failure were noted. 

The recognition of this clinical picture of acute 
anoxia which has been precipitated by acute > 
bronchial infection in patients with chronic 
pulmonary insufficiency can present a difficult 
diagnostic problem. For example, the diagnoses 
considered in Case 1 were: congenital heart 
disease with a right to left shunt because of the 
severe cyanosis, acute pulmonary infarction, 
and even pericardial effusion with tamponade 
to account for the right-sided heart failure. 
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The presence of bronchitis and emphysema was 
overlooked initially because of the patient’s 
relatively short history of dyspnea and _ his 
ability to do hard physical labor. Because of the 
failure to recognize the clinical problem in this 
case the rational therapy employed in the other 
three cases was not utilized, thus prolonging the 
acute stage. 

Initial arterial blood gas studies revealed in 
all cases profound anoxia, hypercapnia and 
variable degrees of respiratory acidosis. (Tables 1 
to 1v.) Continuous oxygen therapy was employed 
in all cases. In Case 1 the stupor became more 
pronounced, in Case Iv coma was precipitated. 
In Cases 11 and 11, in addition to mental con- 
fusion, arterial gas studies demonstrated a rise 
in the pCO, and decompensated respiratory 
acidosis. This syndrome of so-called carbon 
dioxide narcosis may be produced by relatively 
short periods of exposure to oxygen. Case Iv, for 
example, became comatose after only two hours 
in an oxygen tent. Analysis of our results does 
not permit the determination of the level of CO» 
retention at which Oy, therapy will become 
dangerous, as these patients had varying degrees 
of anoxia, hypercapnia and elevation of total 
plasma bicarbonate. Blood chloride levels as 
modified by the state of renal function will also 
obviously influence the picture. 

Results with Artificial Respiration. The need 
for some form of therapy that will relieve anoxia 
without subjecting the patient ‘to the danger of 
carbon dioxide narcosis is apparent. Simultane- 


_ous artificial respiration and continuous O, 


therapy met this need. 

Cases 1 and m1 demonstrate the effectiveness 
of the Drinker-Collins respirator in increasing 
the effective alveolar ventilation to levels suffi- 
ciently high to minimize respiratory acidosis 
even when oxygen is administered. (Tables 
and m1.) For example, Case n, while receiving O2 
without the respirator, had a rise in pCO: from 
75 mm. to 87 mm. of mercury and a concomitant 
drop in pH. (Table 1.) This was prevented when 
the respirator was in operation. In both cases 
the striking clinical improvement noted within 
forty-eight hours was reflected in the blood 
gases. (Tables m and 111.) 

It is not to be inferred that these marked 
changes are the result of artificial respiration 
alone. These patients were also treated intensively 
for bronchial infection and obstruction with anti- 
biotics and bronchodilators. Nevertheless, the 
results in Cases 1 and m1 are in striking contrast 


to those of Case 1. In the latter case the failure to 
utilize artificial respiration and bronchodilators 
undoubtedly contributed to prolongation of the 
acute stage. 

In addition to the mechanical effects of 
artificial respiration in providing more effective 
ventilation, we have observed that the respirator 
tends to promote bronchial drainage and thus 
maintain a more adequate airway. This was very 
striking in Case 1. After only two hours in the 
respirator large amounts of secretion were raised 
and physical examination of the chest revealed 
improved ventilation. 

The pneumatic balance resuscitator in a 
cooperative or sufficiently comatose patient may 
serve the same purpose as a Drinker-Collins 
respirator. For example, Case rv demonstrated a 
striking clinical improvement in several hours 
when this apparatus was used as an emergency 
measure to combat the coma induced by con- 
tinuous oxygen therapy. Examination of later 
data (Table 1v) demonstrated that the improved 
oxygenation and diminished acidosis can be 
entirely attributed to the use of the pneumatic 
balance resuscitator. The subsequent use of the 
Drinker-Collins respirator did not effect further 
clinical or physiologic improvement. 


OBSERVATIONS 


Pathogenesis of the Syndrome. This group of 
patients is representative of the usual case of 
pulmonary insufficiency due to emphysema 
that one sees in everyday practice. This, or any 
similar group, will on clinical examination show 
inadequate bellows motion of the chest and bron- 
chial obstruction secondary to chronic bronchial 
infection. These factors plus difficulty in proper 
distribution of gases result in alveolar-respira- 
tory insufficiency.’ This leads to a chronic state 
of ineffective alveolar ventilation characterized 
by arterial anoxia and hypercapnia and the 
arterial pH may be decreased. Such patients 
are very susceptible to repeated bouts of acute 
bronchitis and bronchopneumonia, which are 
usually successfully treated with penicillin or 
other antibiotic therapy. In an occasional pa- 
tient the degree of bronchial obstruction due to 
infection will be so severe that effective alveolar 
ventilation will be further diminished, leading 
to acute anoxia and carbon dioxide retention. 
We have observed the precipitation of the first 
episode of cardiac failure at this time in these 
patients and in several others under our care. 

These patients undoubtedly have chronic 
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pulmonary artery hypertension, as manifested 
by large pulmonary arteries on x-ray, loud 
second pulmonic sounds and electrocardiographic 
evidence of right ventricular hypertrophy. 
Anoxia has been implicated as one of the 
mechanisms responsible for pulmonary artery 
hypertension. Motley and co-workers* have 
demonstrated that 10 per cent oxygen inhala- 
tion will produce significant increases in 
pulmonary artery pressures in normal indi- 
viduals. This has been confirmed in normals and 
in patients with emphysema.® It is reasonable 
to assume that the acute right heart failure in 
our cases can be explained by just such a 
mechanism. The case histories reveal, further- 
more, that the patients’ first manifestation of 
decompensation occurred following an episode 
of acute bronchitis. In each patient arterial gas 
studies performed at the time of the acute 
infection revealed profound anoxia. In Case m1 
there was demonstrated a complete disappear- 
ance of signs of congestive heart failure in 
twenty-four hours, during which time no 
specific therapy was directed at this condition. 
This can be attributed to relief of anoxia by 
oxygen therapy, artificial respiration, broncho- 
dilators and antibiotics. 

The final sequence in the development of this 
clinical picture occurs with the placing of such a 
patient in an environment of high oxygen concen- 
tration. It is now well recognized that respiratory 
acidosis due to further retention of carbon dioxide 
occurs and that the mechanism undoubtedly is 
the removal, by relief of anoxia, of the stimulus 
to ventilation, operating through the carotid 
receptor mechanism.!° For a more complete dis- 
cussion the reader is referred to the recent paper 
of Boutourline-Young and Whittenberger. ' 

In these patients it has been quite striking to 
observe the rapid onset of stupor, and even 
coma, on exposures to oxygen sometimes of only 
two hours. Conversely, upon withdrawal of 
these patients from high oxygen concentrations 
a rapid clearing of mental symptoms occurs. In 
all cases the onset of symptoms could be corre- 
lated with hypercapnia and acidosis. It is not 
possible to state the exact mechanism in the 
production of mental symptoms for it is con- 
ceivable that the acidosis per se may contribute 
to them. It is tempting, nevertheless, to impli- 
cate excessive carbonic acid in the pathogenesis 
of the abnormal cerebral state. It is known that 
hypocapnia will produce cerebral vasoconstric- 
tion and hypercapnia increases cerebral blood 
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flow.'! The latter may, in turn, explain the 
phenomenon of increased spinal fluid pressure 
which has been occasionally observed in severe 
emphysema.'” Papilledema has been described 
in such cases. 

Therapeutic Rationale. It is obvious that a 
successful therapeutic approach based upon 
physiologic considerations should include the 
production of an adequate airway and improve- 
ment of effective alveolar ventilation. It is ap- 
parent from our cases that infection, with 
excessive secretion and possible accompanying 
bronchial spasm, is the major factor in diminish- 
ing the airway. Control of the infection with 
adequate antibiotic therapy, particularly peni- 
cillin, is of primary importance at the onset. 
The use of bronchodilators such as the aerosol 
epinephrines is helpful. 

There is no question, in view of the cyanosis, 
that oxygen therapy is necessary and this should 
be instituted immediately, with extreme care 
taken to observe the patient’s ventilation and 
mental responses. When possible, arterial gas 
studies should be performed. If these analyses 
cannot be done, serial observation of the carbon 
dioxide combining power should be made, a 
rise indicating probable increasing respiratory 
acidosis. If there is noted increasing mental 
stupor or confusion, decrease in ventilation, a 
significant increase in the arterial pCO» or 
decrease in pH while receiving oxygen, artificial 
respiration is indicated immediately. Its efficacy 
in increasing effective alveolar ventilation has 
already been commented upon. In addition, 
as previously noted, the respirator is also 
valuable in the mechanical removal of bron- 
chial secretions. If a respirator is readily avail- 
able it should probably be used at the onset of 
therapy instead of waiting for the unfavorable 
signs that may be produced by oxygen alone. 
Our experiences with the various types of 
artificial respirators leads us to believe that the 
Drinker-Collins variety is satisfactory. The 
patient tends to be more relaxed in it and, in 
addition, it has the advantage of permitting 
frequent aspiration of pharyngeal secretion 
without interfering with the administration of 
oxygen by nasal catheter. The pneumatic 
balance resuscitator, on the other hand, requires 
an extremely cooperative or a comatose patient 
and must be removed in order to aspirate the 
pharynx. If means for artificial respiration are 
not available, the use of intermittent oxygen 
therapy may serve as a compromise measure. 


4 
: 
PS 
po 
= 
ay,” 
A 
¢ 
‘ 


22 Chronic Pulmonary Disease—Stone et al. 


The response of cardiac failure to the treat- 
ment regimen has already been mentioned. 
Although we have noted a rapid response with- 
out the use of digitalis, this drug should be em- 
ployed when indicated. 

Pneumoperitoneum has been advocated"* in 
the treatment of chronic pulmonary emphysema. 
A recent report’> indicated the successful ap- 
plication of pneumoperitoneum in combating 
respiratory acidosis in patients similar to those 
described by us. It may be worth while, in the 
absence of any form of artificial respirator, to 
institute pneumoperitoneum as an emergency 
procedure in such situations. We do not believe, 
however, that this form of therapy has been 
evaluated sufficiently in either situation to 
warrant its routine use. 


SUMMARY AND CONCLUSIONS 


1. Four cases of chronic pulmonary disease 
are cited to illustrate how infection can pre- 
cipitate acute anoxia, respiratory acidosis and 
cardiac failure. 

2. The clinical picture common to these cases 
is described. Fever and leukocytosis are fre- 
quently absent. There is usually evidence of 
right heart strain and pulmonary artery hyper- 
tension, and cardiac failure is often observed 
for the first time. 

3. The production of respiratory acidosis and 
mental confusion by relatively short periods of 
oxygen therapy is described. 

4. A therapeutic rationale based upon physi- 
ologic considerations is outlined. This includes 
treatment of bronchial obstruction and infection, 
oxygen therapy and artificial respiration as 
indicated. 


Acknowledgment: The authors wish to express 
their sincere appreciation to Mrs. Blanche 
Devlin for excellent technical assistance, without 
which this study would not have been possible. 
The invaluable assistance rendered by Dr. 
Abraham Azulay, Chief Resident of the Medical 
Service at the Bronx Veterans Administration 
Hospital, is hereby gratefully acknowledged. 


REFERENCES 


1. Bourouruine-Younc, H. J. and WHITTENBERGER, 
J. L. The use of artificial respiration in pulmonary 


10. 


it. 


15. 


. Davies, C. E. and MacKinnon, J. 


emphysema, accompanied by high carbon dioxide 
levels. J. Clin. Investigation, 30: 838, 1951. 


. VAN StykeE, D. D. and Nett, J. M. Determination 


of gases in blood and other solutions by vacuum 
extraction and manometric measurement. J. Biol. 
Chem., 61: 523, 1924. 


. Ritey, R. L., PRozmmet, D. D. and Franke, R. E. 


A direct method for determination of oxygen and 
carbon dioxide tensions in blood. J. Biol. Chem., 
161: 621, 1945. 


. BALpwin, E. pEF., CourNAND, A. and Ricuarps, D. 


W., JR. Pulmonary insufficiency. 1. Physiological 
classification, clinical methods of analysis, stand- 
ard values in normal subjects. Medicine, 27: 243, 
1948. 


. Livrentuat, J. L., JR., Ritey, R. L., PROEMMEL, 


D. D. and Franke, R. E. Experimental analysis 
in man of oxygen pressure gradient from alveolar 
air to arterial blood during rest and exercise at sea 
level and at altitude. Am. J. Physiol., 147: 199, 
1946. 


. Van Stryke, D. D. and Senproy, J., Jr. Studies of 


gas and electrolyte equilibria in blood. xv. Line 
charts for graphic calculations by the Henderson- 
Hasselbalch equation, and for calculating plasma 
carbon dioxide content from whole blood con- 
tent. J. Biol. Chem., 79: 781, 1928. 


. BaLtpwin, E. pEF., CourNANnpD, A. and RICHARDS, 


D. W., Jr. Pulmonary insufficiency, m. Study of 
122 cases of chronic pulmonary emphysema. 
Medicine, 28: 201, 1949. 


. Mottey, H. L., Cournanp, A., WeRKo, L., Him- 


MELSTEIN, A. and DrespALe, D. The influence of 
short periods of induced acute anoxia upon 
pulmonary artery pressures in man. Am. J. Physiol., 
150: 315, 1947. 


. Westcott, R. N., Fow.er, N. O., Scott, R. C., 


HavueEnstTEIN, V. D. and McGuire, J. Anoxia and 
human pulmonary vascular resistance. J. Clin. 
Investigation, 30: 957, 1951. 

Comrog, J. H., Jk. and Scumipt, C. F. Part played 
by reflexes from carotid body in chemical regula- 
tion of respiration in dog. Am. J. Physiol., 121: 
75, 1938. 

Scumipt, C. F. The Cerebral Circulation in Health 
and Disease. Springfield, Ill., 1950. Charles C. 
Thomas. 

Neurological 

effects of oxygen in chronic cor pulmonale. Lancet, 

2: 883, 1949. 


. Stimpson, T. Papilloedema in emphysema. Brit. 


M. J., 2: 639, 1948. 


. Carter, M. G., GAENSLER, E. A. and Ky.Lionen, A. 


Pneumoperitoneum in the treatment of pulmo- 
nary emphysema. New England J. Med., 243: 549, 
1950. 

Catiaway, J. J. and McKusicx, V. A. Carbon 
dioxide intoxication in emphysema: emergency 
treatment by artificial pneumoperitoneum. New 
England J. Med., 245: 9, 1951. 


AMERICAN JOURNAL OF MEDICINE 


Be.) 
‘5 
‘ 
| 
2 
3 
oF 
: 
4 
4 
= 
= 
12 
es. 
(hs 
ES 


Pulmonary Function Studies in Bronchial 
Asthma’ 


I. In the Control State 


J. AARON HERSCHFUS, M.D., ELLIOTT BRESNICK, M.D. and MAuRICE S. SEGAL, M.D. 
(with the technical assistance of Dorothy Mellen) 


Boston, Massachusetts 


HERE have been many thorough studies 

during the past two decades dealing with 

various pulmonary function studies in 
patients with pulmonary emphysema, fibrosis, 
tuberculosis, etc.'~'* Until recently no compre- 
hensive pulmonary function studies have been 
reported in patients with classical bronchial 
asthma in the control and treated state. 

Hurtado et al.'4 studied the total lung capacity 
and its subdivisions in six patients during acute 
bronchial asthma. Five of these patients were 
restudied immediately after the administration 
of epinephrine subcutaneously and the sixth 
patient two days after spontaneous recovery 
from acute asthma. These investigators found 
a decreased vital capacity and an increased 
residual volume and functional residual capacity 
during acute asthma, which improved after 
epinephrine or by spontaneous recovery. The 
residual volume approached normal values. One 
patient was given an injection of epinephrine 
two days after feeling well; “no appreciable 
changes in pulmonary capacity” were noted. 

Baldwin'® studied ten asthmatic patients 
during an asthma-free period. She reported an 
increase in the alveolar nitrogen after seven 
minutes of oxygen, a decrease in the maximum 
breathing capacity, and hyperventilation. The 
total lung capacity, residual volume, residual 
volume to total lung capacity ratio and arterial 
blood gases were normal. 

Whitfield et al.!® reported on the effect of 
ephedrine in ten “emphysematous subjects with 
bronchospasm (i.e., asthmatics).’’ Nine of these 
patients had complete lung volume measure- 
ments. These patients were “obviously asth- 


matic—audibly wheezing—full of rhonchi.”’ 
The mean absolute values before and after 
therapy were reported without the predicted 
normal values for that group. Ephedrine caused 
statistically significant improvement in vital 
Capacity, inspiratory capacity and residual 
volume, moderate improvement in expiratory 
reserve volume, and slight, statistically not 
significant decrease in total lung capacity and 
functional residual volume. Other reports have 
dealt with selected pulmonary function studies 
only, such as the vital capacity and/or maxi- 
mum breathing capacity, air velocity index, 
walking ventilation or a few measurements of 
lung volume. '7~?° 

The pulmonary function studies in this report 
were Carried out in a group of patients suffering 
primarily from bronchial asthma. Patients with 
chronic pulmonary emphysema and secondary 
bronchospastic crises were not included in this 
series. The procedures were performed only 
when the patients felt ‘‘quite well’? or were com- 
pletely asymptomatic. These criteria were 
established because of the unreliability of some 
of the determinations in the acutely asthmatic 
patient. We were primarily concerned with the 
nature of the underlying defect in the asthmatic 
subject during a period of well being. Our 
second aim was to record the site and nature 
of improvement effected by treatment. 


CASE MATERIAL 


Most of the patients used in this study were 
well known to our laboratory, having been sub- 


jects for various studies related to bronchial 


asthma for one or more years. A total of forty- 


* From the Department of Inhalational Therapy, Boston City Hospital, and the Department of Medicine, 
Tufts College Medical School, Boston, Mass. 
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two patients were studied, many of them two or 
more times. Their ages ranged from fifteen to 
seventy-two years; there were fifteen females 
and twenty-seven males and the duration of 
their asthma ranged from four months to forty- 
two years. All but two patients suffered from 
perennial bronchial asthma, many of them with 
seasonal exacerbations. The essential data are 
listed in Table 1. 


Outline of Studies Performed. The following 
determinations were made: (1) Resting ventila- 
tion and tidal air, (2) spirometric determina- 
tions of expiratory reserve volume, inspiratory 
capacity, vital capacity, maximum breathing 
capacity; (3) maximum expiratory velocity; (4) 
functional residual capacity, residual volume, 
total lung capacity, index of intrapulmonary 
mixing; (5) arterial blood gas analyses (CO» 


TABLE I 
Body | Duration 
Case Age, | Surface | of Asthma Comments 
Sex | (M2) (yr.) 
1. A. D. 35, F 1.73 4 Non-seasonal; several severe attacks; had ACTH treatment 
2. 2B. 35,M| 2.35 20 Non-seasonal; mild to moderately severe 
ee A 37,M| 1.77 36 Non-seasonal; symptom-free for 7 years 
4. M.G. 25, F 1.74 14 Non-seasonal; severe in past year; several courses of ACTH 
33,M]} 1.71 Non-seasonal; severe asthma recently 
6. W. S. 18,M} 2.04 16 Non-seasonal; fairly severe, especially in winter 
7. A. B. 29,M| 1.84 1g Preceded by bronchitis for many years 
8. E. M. 42,F | 1.58 24 Non-seasona!; mild in past 144 yr. 
9. L. F. 9,7 | 1.72 15 Non-seasonal; mild to moderately severe 
10. P. D. 43,M| 1.86 23 Non-seasonal; mild in past 144 yr. 
11. L.A. 64,M/} 1.69 3 Non-seasonal; moderately severe 
12. G. W. 43, F 1.26 i 4 Perennial with exacerbations in Aug.—Sept. 
13. D. I. 44,M| 1.66 15 Non-seasonal; mild 
14. M. G. 53,M} 2.05 13 Non-seasonal; mild 
15. L. B. 16,M| 1.57 16 Perennial during last year; mild 
16. A. McG 42, F 1.67 9 Non-seasonal; mild; occasionally severe 
17. L. B. 18, F 1.50 13 Frequent severe exacerbations; non-seasonal 
18. A. N. 52,M]} 1.65 14 Non-seasonal; frequent exacerbations 
19. N. Z. 33, M| 2.11 6 Spring and winter mostly; mild 
ZA. M1. 27, F 1.49 25 Non-seasonal; continuous and severe since Aug. 1949; several courses 
of ACTH 
21. 5. M. 53,M]| 1.72 1 Progressively severe since Dec. 1949 
22. M. E. 59, F 1.64 30 Continuous and progressively severe; several courses of ACTH 
23. F. V. 50,M| 2.05 5 Non-seasonal; mild 
24. J. B. 40, F 1.76 15 Mild with exacerbations on exposure to cats and dogs 
25. B. R. 18, F 1.75 9 Seasonal (fall and winter); severe 
26. C. V. 45,M!/ 1.99 a Mild, but progressive 
43,M| 2.06 42 Non-seasonal; intermittent, mild 
28. E. A. 15,M] 1.54 8 Moderately severe; mainly in summer and fall 
29. 6 Non-seasonal; progressively severe 
30. M. C. 42,M| 1.63 16 Non-seasonal; frequent severe attacks 
31. B. B. 40,M} 1.97 10 Mild; sensitive to feathers 
aa. C. TF. 50,M} 1.85 24 Progressively severe; 9 gm. ACTH; well since Dec. 1950 
33. C. M. 16,M} 1.80 14 Non-seasonal; no asthma for 2 yr. until 1951 
34. E. S. 17, F 1.47 114 First attack on day of mother’s funeral who had had asthma; progres- 
sively severe since Sept. 1950 
ae A 34,M| 1.55 32146 Non-seasonal; exacerbation in winter; ACTH treatment; well for 
114 mo. 
36. C. C. 54,M| 1.60 10 Non-seasonal; exacerbation in winter, more difficulty lately 
37. J. G. 29,M]} 1.88 16 Hay fever in 1948; asthma in 1949 
38. D. I. 42,F | 1.74 + Mild; summer and fall mostly 
ao. 3. KK. 72,M| 2.02 1 Mild; well since ACTH in June 1950 
40. W. McC 57,M| 2.09 15 Non-seasonal; mild; intermittent 
i, 5. 3. 65,M| 1.98 25 Non-seasonal; frequent exacerbations, well 1 yr. 
42. E. W. 22,F | 1.52 22 Non-seasonal; moderately severe; frequent exacerbations 
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Fic. 1. Subdivisions of the total lung capacity and 
terminology used throughout text. 


and Oz) at rest and after one minute exercise. 
All or part of these measurements were repeated 
after treatment: (1) aminophyllin 0.5 gm. i.v., 
or (2) bronchodilator aerosols, six inhalations. 

Figure 1 depicts the subdivisions of the total 
lung capacity and the terminology used through- 
out our text.?! 

Technic. 1. After a twenty- to thirty-minute 
period of bed rest the resting ventilation was 
measured for five minutes, employing a J-valve 
and a recording gasometer. The respiratory rate 
was counted and the tidal volume obtained 
from these determinations. 

2. Arterial blood was obtained by puncture 
of the radial artery. First a “‘resting sample’’ was 
drawn, and the needle was left in place. The 
‘“‘post-exercise sample’? was obtained after the 
patient had performed thirty steps up and down 
a 20 cm. platform during one minute. The 
blood was analyzed for O2 and CO: by the 
Van Slyke method.” 

3. Ventilometric studies were then performed 
with the patient in the sitting position. A Collins 
spirometer of 9 L. capacity was used. The soda 
lime canister was eliminated in order to decrease 
the resistance to the flow of air, and the spirom- 
eter bell filled with room air. Carbon dioxide 
accumulation was prevented by flushing the bell 
with room air after each single determination. 

All ventilometric components were repeated 
at several minutes’ interval until at least two 
determinations were of the same magnitude 
and maximal. The maximum breathing capacity 
(MBC) was performed after the completion of 
part 4. This is advisable inasmuch as forceful or 
rapid breathing may initiate or aggravate 
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Fic. 2. Apparatus for estimation of the maximum 
expiratory velocity. A, glass tube and disposable 
mouthpiece through which the person blows force- 
fully; B, a horizontal narrow tube which transmits the 
impact of air from A to C; C, a calibrated tube with a 
light weight float. 


bronchospasm in a _ previously comfortable 
asthmatic subject. The MBC was executed in 
the standing position and performed for twelve 
seconds. 

4. Alveolar gas samples, determinations of 
functional residual capacity (FRC) and the 
index of intrapulmonary mixing (Index) were 
obtained in the sitting position. We employed 
the open circuit method with 100 per cent 
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oxygen as described by Darling et al.?* The 
apparatus used was essentially as described by 
these authors, except for the use of Douglas bags 
for collection of the lung washings instead of a 
Tissot spirometer. Alveolar samples were ob- 
tained by the method of Haldane and Priestley 


maximum breathing capacity in liters per 


minute and in per cent of predicted value, the 


resting ventilation in liters per minute per M?” 
body surface. All volumes have been corrected 
to BITPS (37°c. and 760 mm. barometric 
pressure). 


TABLE I 
Bronchial Asthma 
Determination Normal Values 
No. of 
Average Range Determi- ae 
8 Subjects 
nations 
Inspiratory capacity 75-80% of V.C.| 2.439 75 42 
Expiratory reserve volume 20-25% of V.C.}| 1.145 75 42 
Vital capacity 3.584 75 42 
% of predicted vital capacity 116 100 51-158 75 42 
Maximum breathing capacity (L./min.) 65.4 70 39 
% of predicted maximum breathing capacity 106 62.9 11-136 70 39 
Resting ventilation (L./min./M? b.s.) 3.2-3.6 5.42 3.11-7.52 48 32 
Index of intrapulmonary mixing (% alveolar Ne) | <2.5 4.05 1.0-12.12 53 35 
Residual volume (L.) 3.242 §3 35 
Total lung capacity 6.917 53 35 
% of predicted total lung capacity 120.8 125.8 | 78-176 53 35 
RV/TLC X 100 <30 47.0 35-67 53 35 


at the end of a forced expiration and collected in 
a previously evacuated gas sampling tube.”* 
The Haldane tube has at its distal end a one- 
way flutter valve. Gas analyses were made by 
the Scholander technic.”® 

5. Maximum expiratory velocity (MEV): 
The instrument used for this determination is 
represented in Figure 2.* The patient was in- 
structed to place the mouthpiece (top part of A) 
about 1 inch inside his mouth and blow instan- 
taneously and forcefully. The buccal muscles 
were prevented from adding force to the flow of 
air by putting the mouthpiece inside the mouth, 
rather than placing the lips against the opening. 
The impact of airflow is partly transmitted via 
a narrow tube (B) to a flowmeter (C) which 
contains a light float. The flowmeter has a scale 
reading in millimeters which is transposed to 
read liters per second according to calibration 
curves. The reading thus represents the maxi- 
mum volume forcefully exhaled per second. 


RESULTS 


In Table n are listed the results of the studies. 
The lung volumes are expressed in liters, the 


* Constructed and calibrated for us by Fischer and 
Porter Co., Hatboro, Pa. 


1. Vital Capacity. A wide range of fluctuation 
in vital capacity was obtained in the same pa- 
tients at different times during the periods of 
well being. This may be seen in Figure 3. A 
variation as high as 2 L. was observed in several 
patients. Many of the patients, regardless of 
the duration of their asthma, had vital capacities 
of 4 L. or higher. 

Since these determinations do not take into 
consideration sex, age and size of the patient, 
the same determinations are also expressed in 
per cent of predicted values. The prediction 
formulas are those of Baldwin et al.’ 


Males: [27.63 — (0.112 X age)] 

X Height in cm. 
Females: [21.78 — (0.101 X age)] 

X Height in cm. 


Although these prediction formulas for the 
vital capacity are for measurements in the 
supine position, while our patients were studied 
in the sitting position, we did not correct for this 
small difference. In the sitting position the vital 
capacity is about 5 per cent larger than in the 
lying position; this amounts only to about 100 
to: 200 

These formulas are not too satisfactory since 
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all normal subjects and many asthmatic pa- 
tients were found to have vital capacities 
greater than 100 per cent of predicted. We ob- 
tained an average value of 116 per cent of pre- 
dicted normal for ten normal subjects. The 
value obtained in our asthmatic patients usually 


6.0 
(L) | Te 


3.0 


average 3.58 L. vital capacity. These ratios were 
within normal range in only fourteen determina- 
tions on ten patients. 

3. Maximum Breathing Capacity (MBC). Mul- 
tiple determinations of the MBC were made. 
Expressed in per cent of predicted values, they 
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Fic. 3. Vital capacity in liters, plotted according to the duration of bronchial 
asthma. Multiple determinations on the same patient are connected by vertical 


lines. 


fell below this level; seventeen determinations 
were greater than 116 per cent. The vital 
capacity ranged between 51 and 158 per cent of 
predicted values; thirty-seven of the seventy-five 
determinations were 100 per cent or over, and 
the average value for seventy-five determina- 
tions on forty-two patients was 100.1 per cent of 
predicted normal. 

When the patients were classified according 
to the degree of wheezing in the lungs at the 
time of the studies, the results were as follows: 
Those with clear lungs gave an average value 
of 112.8 per cent; those with 1+ wheezing, 
102.1 per cent; and those with 2+ wheezing, 
95.2 per cent of predicted. (Fig. 5.) 

2. Inspiratory Capacity and Expiratory Reserve 
Volume. The average values of seventy-five 
determinations in forty-two asthmatic subjects 
for these measurements were 2.44 L. inspiratory 
capacity and 1.15 L. expiratory reserve volume. 
In normal subjects the inspiratory capacity con- 
stitutes approximately 75 to 80 per cent of the 
vital capacity, the expiratory reserve volume. 
20 to 25 per cent. In our patients these ratios 
were 68 and 32 per cent, respectively, of the 
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are represented graphically in Figure 4. We 
used the following prediction formulas:? 


Males: [86.5 — (0.522 X age in years) ] 

X M? body surface 
Females: [71.3 — (0.474 X age in years)] 

X M? body surface 


The MBC of seven normal control subjects 
yielded an average value of 106.3 per cent of the 
predicted normal value with these formulas. In 
thirty-nine asthmatic patients the average value 
of seventy determinations was 62.9 per cent of 
the predicted normal value. Only five determina- 
tions in five patients were over 100 per cent, of 
which three were greater than 106.3 per cent. 
A wide fluctuation in MBC was noted when 
measured at various times in the same patient. 
It will be observed from Figure 4 that the longer 
the duration of the asthma, the lower the MBC 
tends to be. The six patients who have had 
asthma since infancy were found to have a MBC 
of less than 81 per cent of the predicted normal 
value. (Fig. 4.) 

When the patients were classified according 
to the chest findings, the average values were 
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75.0 per cent for those with clear lungs; 51.8 per 
cent for those with 1+ wheezing; and 46.6 per 
cent of the predicted normal for those with 2+ 
wheezing. (Fig. 5.) 

4. Resting Ventilation. The resting minute 
ventilation for normal adults is given as 3.6 L. 
for males and 3.2 L. per sq. m. body surface 


for females.?7 In our asthmatic patients we 
obtained an average value of 5.42 L. per sq. m. 
(forty-eight determinations on thirty-two pa- 
tients). As seen among normals, there was a 
large individual variation. 

5. Index of Intrapulmonary Mixing (Index). The 
normal range for the index of intrapulmonary 


M.B.C. 


DURATION OF B.A. IN YEARS 
Fic. 4. Maximum breathing capacity in per cent of predicted normal value 
plotted according to the duration of bronchial asthma. Multiple determinations 
on the same patient are connected by vertical lines. 


PULMONARY FUNCTIONS ACCORDING TO LUNG FINDINGS 
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Fic. 5. Correlation between lung findings (wheezing) and such tests as vital 
capacity, maximum breathing capacity and intrapulmonary mixing. 
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mixing is up to 2.5 per cent alveolar Ne after 
seven minutes breathing of 100 per cent oxygen. 
Table 1 shows that the range found in fifty- 
three determinations on thirty-five asthmatic 
subjects was from 1.0 to 12.12 per cent, with an 
average value of 4.05 per cent No. The ten 
patients studied by Baldwin’ had a mean value 
of 4.5 per cent No. 

Classifying the patients according to the chest 
findings, we see from Figure 5 that those with a 
clear chest had an average of 3.26 per cent No; 
those with 1-++ wheezing had 3.95 per cent; and 
those with 2+ wheezing, 5.34 per cent Noe. 

6. Total Lung Capacity (TLC). The predic- 
tion for total lung capacity is based on the ratio 
of vital capacity to the total lung capacity. Thus 
vital capacity 

a 
where “‘a”’ represents 80 for the ages sixteen to 
thirty-four years, 76.6 for thirty-five to forty-nine 
years and 69.2 for the ages of fifty to sixty-nine 
years.” Using the observed vital capacity for 
this calculation will give an expected total lung 
capacity of approximately normal size only 
when dealing with a normal vital capacity. 
Because one usually obtains an abnormal vital 
capacity when dealing with pulmonary disease, 
other investigators modified this formula and 
used the predicted normal vital capacity to 
calculate the predicted normal lung capacity.”® 
Although this modification of the formula is 
justified in principle, the resultant figures are 
not satisfactory because, as we have previously 
pointed out, the predicted vital capacity is 
usually much smaller than the observed vital 
capacity in normal subjects as well as in many 
of our asthmatic patients. When we used this 
modified prediction formula for total lung 
capacity, we obtained an average value of 
124.6 per cent of predicted for the normal 
subjects and 153.8 per cent of predicted for our 
asthmatic patients. To circumvent the difficulty 
of obtaining too small a predicted total lung 
capacity by using the latter formula, or of ob- 
taining a varying total lung capacity based on a 
widely fluctuating vital capacity in asthmatic 
patients, we decided to calculate the predicted 
total lung capacity by using the largest vital 
capacity actually obtained on the patient either 
before or after treatment. If the highest reading 
was smaller than the predicted vital capacity, 
the latter figure was considered in the formula. 

Under these circumstances we obtained for 
five normal control subjects a total lung capacity 


the formula most widely used is 
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which was 120.8 per cent of predicted and for 
thirty-five asthmatic subjects an average value 
of 125.8 per cent of predicted total lung capacity. 
(Table 11.) Of the fifty-three determinations on 
thirty-five patients, there were thirty-one de- 
terminations on twenty-three patients greater 


TABLE Ul 
RESIDUAL VOLUME/TOTAL LUNG CAPACITY X 100 
No. of 
Normal | Asthmatic 
Values Subjects D 
Subjects 
nations 
16-34 20.0 48 .6 13 20 
35-49 23.4 46.4 14 19 
50-69 30.8 45.7 8 14 
All patients 47.0 35 53 


than 120.8 per cent, the value we obtained for 
our normal subjects. 

7. Residual Volume (RV) and Residual Volume to 
Total Lung Capacity Ratio (RV/TLC). As with 
other subdivisions of the lung, the residual 
volume varies greatly from person to person 
according to sex, age and size. However, the 
residual volume bears a fairly constant relation- 
ship to the lung capacity, and the ratio: residual 
volume to total lung capacity has significance. 


TABLE IV 
: TLC (% of Predicted) 
Duration of | py 
Asthma — xX 100 
Average Range 
5 43.0 112.3 93 .6-130.6 
6-10 43.2 120.0 108 .3-134.3 
11-20 48.8 130.0 110.8-165.0 
20 50.2 134.6 110.0-176.5 


In Table 111 we have listed the normal ratios 
according to the various age groups and the 
findings in the asthmatic subjects.”® All subjects 
showed a marked elevation, almost identical 
when the average values for the three age groups 
are compared: 48.6 per cent, 46.4 per cent and 
45.7 per cent for the ages sixteen to thirty-four, 
thirty-five to forty-nine and fifty to sixty-nine 
years, respectively. The average value of fifty- 
three determinations for the thirty-five asthmatic 
patients was 47.0 per cent. 
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In Table tv these residual volume/total lung 
capacity ratios have been arranged according 
to the duration of asthma. These data do not 
take into consideration the severity of the asthma. 
However, the data show that the longer the 
duration of asthma, the more severe the dis- 
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Fic. 6. Arterial blood oxygen (per cent saturation) 
and carbon dioxide (volume per cent) plotted ac- 
cording to the RV/TLC ratio in fifteen patients with 
bronchial asthma. The horizontal broken line indi- 
cates the lowest range of normal oxygen saturation 
after exercise. 


turbance in the residual volume to total lung 
capacity relationship. 

8. Arterial Blood Gases. In Figure 6 are 
charted oxygen per cent saturation and carbon 
dioxide volume per cent of arterial blood before 
and after exercise in fifteen patients. Most of the 
patients gave normal oxygen saturations, and 
none had retention of carbon dioxide. Low 
oxygen saturation either before or after exercise 
was recorded in patients 20 (M. L.), 21 (J. M.) 
and 25 (B. R.). Clinically these patients were 
among our most handicapped and showed other 
evidence of pulmonary insufficiency as well. 

9. Maximum Expiratory Velocity. The lowest 
reading obtained in fifty normal control subjects 
was 7.5 L./second; the majority blew between 8 
and 10 L./second. (Fig. 7.) Among thirty-one 
asthmatic subjects, only four of forty-one de- 
terminations were 7.5 L./second or higher. 


The average value for this group of patients was 
3.9 L./second. 


COMMENTS 


The vital capacity measurement has been used 
for a long time as a test of pulmonary efficiency. 
In recent years, however, investigators have 
emphasized the poor correlation between vital 
capacity on the one hand and pulmonary disa- 
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TREATMENT 
Fic. 7. The maximum expiratory velocity in normal 
subjects is 7.5 L. per second or greater. In asthmatic 
subjects the velocity is usually less than 7.5 L. per 
second. 


bility and pulmonary disease on the other. It is 
not uncommon, especially in emphysema, to 
obtain a high vital capacity in a patient whose 
other function studies indicate marked impair- 
ment.®® We encountered many asthmatic 
patients with a vital capacity within the range 
or in excess of the predicted normal value. 

Thus the vital capacity is a poor measure of 
ventilatory insufficiency and has little value in 
detecting impairment in the patient with sub- 
clinical asthma, i.e., when the lungs are clear. 
The average value obtained in our asthmatic 
subjects with a clear chest was 112.8 per cent 
of the predicted normal value, which is well 
within the range of normal. (Fig. 5.) 

The shortcoming of the vital capacity as a 
pulmonary function test lies in the fact that it 
does not measure function but volume without 
relation to time; it is static and not dynamic.”° 
Clinically, ventilatory efficiency depends largely 
on volume-time relationship. However, the vital 
capacity can be a useful test in studying bron- 
chial asthma if the time factor for its perform- 
ance is considered. This can be done conveniently 
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by obtaining a spirographic tracing of the vital 
capacity, analyzing the slope of the tracing and 
measuring it in relation to time.”® Using a high 
speed on the spirometer, the distance between 
the heavy lines on the paper can be divided into 
equal parts to represent one-second intervals. 
The inspiratory as well as expiratory volumes 
per second can be measured. 

Figure 8 illustrates the tracing of a vital 
capacity of 1,848 cc. Measured off in seconds, 
the performance was 546, 504, 294 and 210 cc. 
in each consecutive second. After the use of 
bronchodilator aerosols the vital capacity was 
3,045 cc. and the volume-time performance 
improved to 1,281, 756, 420 and 210 cc. for 
consecutive seconds. 

The inspiratory capacity, instead of constituting 
75 to 80 per cent of the vital capacity as in 
normal subjects, was decreased to 68 per cent. 
This upward shift in “‘mid-position” (base line 
at end of normal expiration) was seen in patients 
with decreased as well as with normal vital 
capacities. This shift in mid-position is the so- 
called “high inspiratory position’ commonly 
found in patients with emphysema.”* The 
expiratory reserve volume, as a rule, will be normal 
or increased since it is increased to an average 
of 32 per cent of the vital capacity; it will be 
smaller than normal only when the vital 
capacity is much decreased. 

Hurtado et al.'* similarly found during acute 
bronchial asthma that of the divisions of the 
vital capacity the inspiratory capacity is affected 
most, usually with an increase of the expiratory 
reserve volume. During asthma they found that 
the inspiratory capacity to vital capacity ratio 
ranged between 54.1 and 80.0 per cent and the 
expiratory reserve volume to vital capacity ratio 
between 20.0 and 45.9 per cent. 

Producing obstruction to expiration experi- 
mentally results in a decreased inspiratory 
capacity as well as an increased residual volume 
and functional residual capacity.*° 

The maximum breathing capacity, in contrast, is 
a test of dynamic function. Of the many factors 
affecting this function, air-flow resistance (pa- 
tency of the bronchi, tissue ‘‘viscance’’ and 
turbulence) is the most important in patients 
with pulmonary obstructive disease, such as 
bronchial asthma. We know from clinical as 
well as experimental studies that performance 
of the maximum breathing capacity test is 
greatly affected by the patency of the tracheo- 
bronchial tree*! and by changes which cause 
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3045 cc. in 7 sec. 1848 cc. in 6 sec. 
second 1281 ec, 546 c.c. 
756°" 504 * 


Fic. 8. Spirographic tracing of a vital capacity before 
and after treatment with bronchodilator aerosols. The 
transparency T is placed over the tracing and the 
volume exhaled during each second is measured. 


turbulence in air-flow.** Proctor et al.*? demon- 
strated that in normal respiratory air-flow, 
turbulence may appear at speeds of 60 to 75 L. 
per minute, but that in patients with pulmonary 


disease, turbulence will develop at velocities of 


only 20 to 30 L. per minute. Changes in the 
tracheobronchial passages, mucus or secretions 
may cause turbulence in air-flow, limiting the 
production of high flow velocities required for 
normal performance of the maximum breathing 
Capacity or maximum expiratory velocity tests. 

The MBC has its limitations because it 
requires the patient’s cooperation perhaps more 
than any other test. The patient has to be able 
and willing to perform and to repeat this rather 
exhausting procedure. However, when reliably 
performed, it is a significant test in the study of 
bronchial asthma, especially in detecting sub- 
clinical asthma. Patients with a clear chest 
performed an average of 75 per cent of predicted 
normal; only five of the thirty-nine patients had 
an MBC greater than 100 per cent. Of the 
patients with 1+ and 2+ wheezing none had 
an MBC over 100 per cent of predicted. The 
vital capacity did not show such constant corre- 
lation with chest findings. In Figure 5 we see the 
correlation between chest findings and the 
maximum breathing capacity. 

The resting ventilation was found to be increased. 
This finding was also observed by Baldwin’ 
in her asthmatic patients during an asthma-free 
period. Increased ventilation at rest and after 
moderate exertion is also seen in patients with 
pulmonary emphysema and fibrosis.* No satis- 
factory explanation for this phenomenon is 
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available. The increase in resting ventilation, 
together with the decreased MBC, accounts for 
the markedly diminished ventilatory reserve 
of such patients. 

The index of intrapulmonary mixing is considered 
to reflect primarily adequacy of ventilation of 
the alveoli. Uneven ventilation will result in a 
high index’:!>?3 High values will therefore be 
found in patients with severe emphysema who 
ventilate unevenly and have large residual 
volumes. However, in the asthmatic, although 
the average index was elevated (4.05 per cent 
Ne), we found many patients with a normal 
index in the presence of a high RV/TLC ratio. 
Other factors which influence the rate of nitro- 
gen dilution seem to be of greater importance in 
bronchial asthma. Bronchial and bronchiolar 
patency must be taken into consideration. This 
becomes evident from Figure 5; the patients 
with a clear chest gave an average value of 
3.25 per cent; those with 1+ wheezing 3.95 per 
cent; and those with 2+ wheezing 5.34 per cent 
No. 

Another factor involved is the effective 
minute ventilation. It is obvious that with a 
greater ventilation there will be a faster nitrogen 
dilution from the lungs (i.e., a lower index at the 
end of seven minutes’ oxygen breathing). Wolfe 
and Carlson”® studied mixing efficiency of the 
lungs by a method (electronic nitrogen analyzer) 
taking into consideration the variations in 
minute volume. They found that a diseased 
lung may have poor mixing efficiency yet attain 
normal nitrogen percentage at the end of seven 
minutes by means of hyperventilation. 

The influence on the index of both the 
bronchiolar patency and the minute ventilation 
becomes further evident by the changes ob- 
served after treatment (see Part II). 

The RV/TLC ratio was high in all determina- 
tions and, among our patients, this figure seems 
to correlate with the duration of asthma better 
than any of the other pulmonary functions. 
(Table tv.) This is in disagreement with the 
findings of Hurtado et al.” 

Of the thirty-five asthmatic patients studied, 
twenty-three showed a total lung capacity 
greater than the average value of 120.8 per cent 
of predicted which we obtained for normal 
subjects. The average value for asthmatic sub- 
jects was 125.8 per cent of predicted, which is 
slightly greater than for the normals. Thus it 
can be said that 65 per cent of the patients with 
bronchial asthma have an enlarged lung 


capacity. The degree of enlargement of the 
total lung capacity appears also to be related 
to the duration of asthma. (Table tv.) The 
RV/TLC ratio, as well as the total lung capacity, 
is greater than normal but the total lung 
capacity to a lesser degree than the ratio; there- 
fore, the residual volume must be enlarged to a 
greater degree than the total lung capacity. 
These findings are in disagreement with those of 
Baldwin.'® She studied ten asthmatic subjects 
during an asthma-free period and found the re- 
sidual volume, total lung capacity and RV/TLC 
ratios within normal limits. Her report does not 
indicate, however, how long the patients had 
been free of asthma, whether the patients were, 
perhaps, seasonal asthmatics only, or how severe 
their illness was. Our patients, with the excep- 
tion of two, were perennial asthmatics with fre- 
quent non-seasonal or seasonal severe exacerba- 
tions. However, we are also studying patients 
during a prolonged period of remission, eight 
months and longer. Those studied so far have 
shown a total lung capacity within normal range 
of prediction but an enlarged residual volume 
and a high RV/TLC ratio. (Details of this study 
will be the subject of a subsequent report.) 

If by the term emphysema is meant an en- 
larged RV/TLC ratio due to an increase in 
residual volume, with or without an increase in 
total lung capacity as well, without requiring 
evidence of impaired diffusion of gases across 
the alveolar membrane, we must conclude that 
all patients with chronic bronchial asthma have 
emphysema. If the severity of emphysema is 
indicated by the RV/TLC ratio, as stated by 
Hurtado et al.? and Borden et al.,** most of our 
patients have severe emphysema, regardless of 
the duration of their asthma. However, if dif- 
fusion difficulty, CO» retention and/or un- 
saturation, is considered as a determining factor 
(Baldwin et al.°), most of our patients have mild 
emphysema. 


SUMMARY 


Pulmonary function studies were performed 
in forty-two patients with chronic bronchial 
asthma at a time when they were symptomatic. 
The results may be summarized as follows: 
(1) The vital capacity ranged between 51 and 
158 per cent of predicted normal value; the 
inspiratory capacity: vital capacity ratio aver- 


* For references in both articles, see Part II, page 34. 
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aged 68 per cent. (2) The maximum breathing 
capacity ranged between 11 and 130 per cent 
of predicted normal value. (3) The resting 
ventilation was generally increased, and ranged 
between 3.11 and 7.52 L. per minute per square 
meter body surface. (4) The index of intra- 
pulmonary mixing ranged between 1.0 and 
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12.12 per cent nitrogen. (5) The total lung 
capacity averaged 125.8 per cent of predicted 
normal value. The residual volume: total lung 
capacity ratio ranged between 35 and 67 per 
cent and averaged 47.0 per cent. (6) The maxi- 
mum expiratory velocity averaged 3.9 L. per 
second. 
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Pulmonary Function Studies 
Asthma 


in Bronchial 


IT, After Treatment 


J. Aaron HErscHFUus, M.D., ELLIOTT BRESNICK, M.D. and MAuURICE S. SEGAL, M.D. 
(with the technical assistance of Dorothy Mellen) 


Boston, Massachusetts 


MINOPHYLLIN given by various routes 
and bronchodilator aerosols have been 
accepted as among the most important 

therapeutic agents in the treatment of bronchial 
asthma. Numerous and varied are the labora- 
tory studies with these agents in bronchial 
asthma, usually dealing with vital capacity, and 
occasionally with MBC. Pulmonary function 
studies in asthmatic patients have been reported 
before and after subcutaneous epinephrine‘ 
and before and after oral ephedrine.'® In the 
present intravenous studies aminophyllint and 
adrenergic bronchodilator** sprays{ were used. 


TECHNIC 


The studies were repeated after treatment on 
the same morning of the previously described 
basal testing. Treatment consisted of (1) amino- 
phyllin, 0.5 gm. in 20 cc. solution given intra- 
venously over a five-minute period. (The spiro- 
metric determinations were performed fifteen to 
thirty minutes after the injection, followed by 
the functional residual capacity determination); 
or (2) bronchodilator sprays, six inhalations, 
given about ten minutes before beginning the 
repeat studies and again before measuring the 
functional residual capacity. 


RESULTS 


Vital Capacity. ‘The average percentage of 
improvement in thirty-one determinations on 
twenty-four patients following intravenous ami- 
nophyllin was 10.6 per cent; the maximum im- 

t Kindly supplied by G. D. Searle and Company. 


t The preparation used was neosuprel,® 214 per cent, 
kindly supplied by Winthrop-Stearns Co. 


provement observed was 40 per cent. With 
bronchodilator aerosols, the average improve- 
ment in thirty-six determinations on twenty- 
nine patients was 16.9 per cent; one patient (the 
same as mentioned previously) showed a maxi- 
mum improvement of 187 per cent. Expressing 
the vital capacity in per cent of predicted normal 
values, intravenous aminophyllin changed their 
vital capacity from 104.7 to 114.1 per cent; 
bronchodilator aerosols produced a change 
from 102.2 to 116.3 per cent of predicted normal. 
(Tables 1 and u, Fig. 1.) 

In the aminophyllin-treated group the in- 
spiratory capacity, constituting 66 per cent of 
the vital capacity or 2.47 L. before treatment, 
increased to 2.68 L., or 67 per cent of the vital 
capacity. Similarly, in the bronchodilator aero- 
sol-treated patients, the inspiratory capacity 
increased from 2.30 to 2.46 L., or from 64 to 
65 per cent of the vital capacity. The changes 
in the expiratory reserve volume following 
treatment were from 34 to 33 per cent and from 
36 to 35 per cent of the vital capacity after 
aminophyllin and bronchodilator aerosols, re- 
spectively. (Fig. 2.) 

Maximum Breathing Capacity. An average im- 
provement of 30.9 per cent was observed in 
twenty-eight determinations on twenty-two pa- 
tients following the administration of intrave- 
nous aminophyllin. An average improvement 
of 50.0 per cent followed the use of bronchodila- 
tor aerosols in thirty-five determinations on 
twenty-eight patients. 

Expressing the MBC in per cent of predicted 
normal values, intravenous aminophyllin in- 
creased this value from 65.2 to 82.3 per cent, 


*From the Department of Inhalational Therapy, Boston City Hospital, and the Department of Medicine, 
Tufts College Medical School, Boston, Mass. 
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and following bronchodilator aerosols this value 
increased from 62.6 to 85.7 per cent of predicted 
normal. (Tables 1 and un, Fig. 1.) 

Resting Ventilation. From Tables 1 and u we 
see that the majority of patients experienced an 
increase in the resting minute ventilation after 


made in thirteen asthmatic patients before and 
after bronchodilator aerosols; their total lung 
capacity changed from an average of 6.492 to 
6.518 L., or from 125.9 to 126.8 per cent of pre- 
dicted normal. In the intravenous aminophyllin- 
treated group eleven of the twenty determina- 


TABLE I 
Aminophyllin i.v. % Change No 
Determination 
Determi- 

Before After | Average Range wiiieiia Subjects 
3.676 4.031 +10.6 | —10 to +40 31 24 
65.2 82.3 +30.9 |—8 to +108 28 22 
Resting ventilation (L./min.).............. 5 .66 19 14 
Index intrapulmonary mixing (% Ne)....... 4.05 2.22 —32.7 | —65 to +21 20 17 
Total lung capacity (L.)........... 7.310 20 17 
49.7 46.3 —7.4 | —28 to +12 20 17 


treatment. After intravenous aminophyllin the 
average value increased from 5.66 to 6.04 L./ 
minute/m? body surface; fourteen of the nine- 
teen determinations on fourteen patients had 
increased. After bronchodilator aerosols the 
average value changed from 5.76 to 6.00 L/ 
minute/m? body surface; six of eight determina- 
tions on eight patients showed this increase in 
resting ventilation. 

Index of Intrapulmonary Mixing. ‘The average 
value for the index among the patients studied 
was 4.05 per cent No. After intravenous amino- 
phyllin the average value was reduced to 2.22 
per cent Ne, and after bronchodilator aerosols, 
to 2.97 per cent Nz. The improvement in the 
index went as high as 66.5 per cent in one 
patient. Following intravenous aminophyllin 
the average improvement was 32.7 per cent in 
twenty determinations in seventeen patients and 


28.8 per cent after bronchodilator aerosols in | 


thirteen determinations on thirteen patients. 
(Tables 1 and 11, Fig. 1.) 

Total Lung Capacity. Our normal control 
subjects had a total lung capacity of 120.8 per 
cent of predicted value. Twenty determinations 
in seventeen patients were made before and 
after intravenous aminophyllin; their total lung 
capacity changed from an average of 7.310 to 
7.370 L., or from 128.2 to 129.3 per cent of 
predicted normal. Thirteen determinations were 
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tions showed improvement; one did not change; 
and the remaining eight showed an increase in 
total lung capacity. In the aerosol-treated group 
seven of the thirteen determinations showed a 
decrease; the remaining six, an increase in the 
total lung capacity after treatment. (Tables 1 
and u, Fig. 2.) 

Residual Volume and Residual Volume to Total 
Lung Capacity Ratio. In Table 11 are listed the 
residual volume and total lung capacity ratios 
before and after treatment, divided according 
to age groups. All three groups show an over-all 
slight improvement after treatment. However, 
of thirty-three determinations only twenty-three 
were improved, while the remaining ten ratios 
became higher with treatment. 

In Tables 1 and 11 we have listed the changes 
in RV/TLC ratio after intravenous aminophy!- 
lin and bronchodilator aerosols separately. 
After intravenous aminophyllin the change 
ranged from +12 to —28 per cent with an 
average value of —7.4 per cent. Bronchodilator 
aerosols resulted in changes ranging from +4 to 
—24 per cent with an average decrease of 
—8.1 per cent. (Fig. 1.) 

The residual volume decreased in twelve of 
the twenty tests and remained unchanged in one 
test after intravenous aminophyllin; the average 
value changed from 3.590 to 3.387 L. After 
bronchodilator aerosols ten of the thirteen 
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patients showed a decrease in the residual 
volume measurement; the average value changed 
from 2.930 to 2.744 L. (Fig. 2.) 

Maximum Expiratory Velocity. The maximum 
expiratory velocity was tested in nine patients 
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The maximum expiratory velocity was tested 
in sixteen patients before and after broncho- 
dilator aerosols. The average velocity rose from 
4.0 L./second to 6.0 L./second. The average 
improvement was 58.5 per cent. (Fig. 1.) 


TABLE I 
Bronchodilat 
Chang No 
Determination 
Determi- 
Before After | Average Range sudinen Subjects 
3.490 3.940 +16.9 | —15 to +187 36 29 
62.6 85.7 +50.0 | —10 to +147 35 28 
Resting ventilation (L./min.).............. 5.76 8 8 
Index intrapulmonary mixing (% N2)...... 4.41 2.97 —28.8 | —66 to +15 13 13 
45.7 42.7 —8.1 | —24to +4 13 13 
IZ ASTHMATIC SUBJECTS ASTHMATIC SUBJECTS 
35 13 DETERMINATIONS 20 DETERMINATIONS 
% h AN 
504 
25 
INSP CAP 
40 vc. 
Vv 
| EXP. VOL! 
- 
20+ ' 
RC 
8 ‘ 
E 
INOPH. 
WNSPIRATORY CAP. - 2.302 2.458 2.470 2.68! 
& EXPIR. RES. VOL. - 1.260 1.360 1249 1.303 
VITAL CAPACITY- -3.562 3774 3719 3.984 
0 RESIDUAL VOL. - 2.930 2.744 3.591 3387 
v.c. mec. RWwTLC MEY. TOTAL LUNG 


=BRONCHODIL. AER. 

AMINOPHYLLIN IY, 
Fic. 1. Summary of per cent improvement after 
treatment. 


before and after intravenous aminophyllin. The 
average velocity rose from 3.2 L./second to 
4.1 L./second. The average improvement was 
30.6 per cent. 


Fic. 2. Changes in lung volumes after treatment. The 
lung volumes are measured from the mid-position as 
zero line. 


COMMENTS 


Since the vital capacity shows little impairment 
in most asthmatic patients, the degree of im- 
provement with treatment will be small, 10.6 per 
cent of improvement with intravenous amino- 
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phyllin and 16.9 per cent with bronchodilator 
aerosol. This slight degree of improvement 
suffices to restore the vital capacity to within the 
normal range in most asthmatic subjects; 
114.1 per cent and 116.3 per cent of predicted 
vital capacity. Twelve patients with lungs clear 
to auscultation showed an average improvement 
in their vital capacity of 9 per cent. 

The upward shift in mid-position was seen in 
most of our asthmatic patients. Although 
treatment improved the absolute values of both 
the inspiratory capacity and expiratory reserve 
volume, the abnormal ratio of these to the vital 
Capacity remained essentially unchanged. In 
other words, this defect appeared to be a static 
one. However, in patients with acute bronchial 
asthma after treatment with subcutaneous 
epinephrine the inspiratory capacity to vital 
capacity ratio improved from a range of 54.1 to 
80.0 per cent to a range of 60.8 to 83.0 per cent.!4 
Thus it appears that the actual size of the in- 
spiratory capacity will improve with treatment 
in acute as well as subacute asthma as long as 
there is relief of bronchial obstruction; the 
relative size of the inspiratory capacity changes 
significantly only with acute asthma (severe 
bronchoconstriction). 

The maximum breathing capacity showed an 
average improvement of 30.9 per cent after 
intravenous aminophyllin and rose to 82.3 per 
cent of predicted normal value. After broncho- 
dilator aerosols the improvement was 50.0 per 
cent and the MBC increased to 85.7 per cent of 
predicted normal value. The ten patients studied 
by Baldwin'® during an asthma-free period 
showed a mean value of 58 per cent of pre- 
dicted MBC, which rose to 81 per cent of pre- 
dicted normal after aerosol treatment. It is of 
some interest that there was a 26 per cent im- 
provement among the patients with clear lung 
fields; in the patients with 1+ and 2+ wheezing 
respirations, the improvement was 40 and 
53 per cent, respectively. Even though the MBC 
does not closely approach normal values with 
treatment, the degree of improvement is con- 
siderable. This greatly improved ventilatory 
reserve must be an important contribution to 
the clinical improvement. 

A concomitant of this improved function is, no 
doubt, the improvement in index of intrapulmonary 
mixing, which averaged 32.7 per cent after 
intravenous aminophyllin and 28.9 per cent 
after bronchodilator aerosol. This degree of 
improvement in the index of mixing, in the face 
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of minimal improvement in residual volume 
and residual volume/total lung capacity ratio, 
in our opinion indicates that bronchial and 
bronchiolar obstruction is of greater influence 
than the size of the residual volume in determin- 
ing this index. The relationship between minute 
ventilation and index of mixing is indicated by 
the changes observed after treatment. With a 
few exceptions, most patients had an increase in 
the minute ventilation, and there was improve- 
ment of the abnormally high index in all of 
these. 

The maximum expiratory velocity also showed a 
degree of improvement of the same order as 
observed in the maximum breathing capacity 
and index; there was an average improvement 
of 30.6 per cent with aminophyllin and 58.5 per 
cent with bronchodilator aerosols. Here, too, we 
believe that bronchial patency and turbulence 
play a more important role since, as we will soon 
see, these abnormalities are probably the only 
‘reversible’? abnormal pulmonary functions in 
the chronic asthmatic. 

Otis and Proctor*® measured alveolar pressures 
with simultaneous rate of flow of respired air in 
human subjects. These investigators found that 
an average pressure of 1.8 cm. of water is re- 
quired to produce a flow of air of 0.5 L. per 
second. In our asthmatic subjects we found the 
maximum expiratory velocity markedly de- 
creased to an average of 3.9 L. per second which 
improved greatly after treatment. The de- 
creased maximum air flow in the asthmatic 
undoubtedly is not due to a decreased alveolar 
pressure but to inability to force the} normal 
amount of air through passages which are nar- 
rowed and cause turbulence. Likewise, the 
improvement after treatment can best be ex- 
plained on the basis of diminished broncho- 
constriction and less turbulence, and not by 
any increase in alveolar pressure. 

The resting ventilation usually increased after 
treatment. Yet, the ventilatory reserve im- 
proved considerably, and this was entirely due 
to the great increase in maximum breathing 
capacity. 

The total lung capacity after treatment showed 
changes which were small and variable in direc- 
tion, and probably due to inherent errors in 
technic. After intravenous aminophyllin the 
total lung capacity increased an average of 
0.8 per cent, and after bronchodilator aerosols 
it increased an average of 0.4 per cent. Hurtado 
et al.,!4 treating acute bronchial asthma with 
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epinephrine, obtained a decrease in total lung 
capacity. Whitfield et al.,’® treating acute 
asthma with oral ephedrine, could not demon- 
strate any change in total lung capacity. We 
were not able to demonstrate reversibility of 
“emphysema” (high total lung capacity and 


TABLE Ill 


Residual Vol./Total 


Lung Capacity X 100 No. 
Ages 
Before | After Sub- Deter- Im- 
Treat- | Treat- mina- | proved 


mal 


ment | ment tions Results 


16-34 | 20.0 | 51.7 | 50.7 11 12 5 
35-49 | 23.4 | 45.1 | 40.7 10 10 9 
50-69 | 30.8 | 46.9 | 42.3 9 11 9 

Total 30 33 23 


high residual volume/total lung capacity ratios) 
in our asthmatic patients after treatment. Studies 
during prolonged periods of remission may shed 
more light on the reversibility of these defects. 
Such studies are in progress. 

The residual volume/total lung capacity ratios 
show a negligible difference between the various 
age groups either before or after treatment. 
(Table m1.) The changes observed with treat- 
ment are not startling either, an average im- 
provement of 8.1 per cent after bronchodilator 
aerosols and 7.4 per cent after intravenous 
aminophyllin. There is lack of consistency in 
direction as well as in size of improvement of 
the residual volume/total lung capacity ratios 
with treatment. When improvement occurred, 
it was due to increase in the vital capacity in the 
face of a slight change in total lung capacity, 
this resulting in a decreased residual volume. 
(Fig. 2.) 

By what mechanism does treatment allow 
an increase of the volume of the vital capacity 
within the limits of the rather static total lung 
capacity? Is it vascular? Some believe that the 
increase in vital capacity is due to a decrease of 
the pulmonary blood volume, as is seen following 
venesection*® or following the injection of 
adrenalin which causes pulmonary vasocon- 
striction.*’:** Although intravenous aminophy]- 
lin can be expected to effect pulmonary vascular 
changes, these would be in the nature of 
arteriolar dilatation.** Theoretically, this should 


give a decrease in vital capacity as well as in 
total lung capacity. On the other hand, it has 
been suggested that the improvement in vital 
capacity and residual volume after aminophyllin 
might be due to increased cardiac output.*® The 
bronchodilator drug used in this study has very 
little cardiovascular effect.*° If a small dose of 
six inhalations of this preparation has any 
adrenergic effect at all on the pulmonary 
vasculature, this change probably contributes 
little to the sizeable increases in the vital 
capacity. Is the increase in vital capacity after 
treatment due to the “‘opening-up” of a large 
number of bronchioles and alveoli contributing 
their volume to the measured increase in vital 
capacity? This simple explanation does not 
appear to be acceptable because not all cases 
showing an increase in vital capacity show also 
an increase in total lung capacity after treat- 
ment. However, this seeming discrepancy in 
changes in vital capacity and total lung capacity 
after treatment can be explained by the con- 
vincing experimental evidence for “collateral 
respiration.”’4!~ 4% Since it is possible for plugged- 
off lobules to participate in ventilation (gas 
exchange), the volume of such lobules will be 
measured at the time when the volume of the 
patent alveoli is measured (breathing 100 per 
cent oxygen for seven minutes). Reestablishing 
bronchial connections between these alveoli 
with the remainder of the lung will not change 
the total lung capacity significantly. However, 
during the short period of a vital capacity per- 
formance the alveoli with plugged bronchioles 
cannot contribute their volume through col- 
lateral ventilation channels. Patent airways are 
required for quick emptying of the alveoli when 
the vital capacity is estimated, and these are 
established by treatment. 

Another mechanism must exist by which the 
vital capacity can increase, without similar 
changes in the total lung capacity, in the ab- 
sence of secretions and occluded bronchioles. 
This mechanism is the degree of partial ob- 
struction and resistance in the respiratory 
passages. A decrease of these would allow a more 
rapid emptying of a larger volume of air (vital 
capacity). We present this explanation despite 
the experimental work by Matheson et al.*! 
showing that the vital capacity in healthy young 
adults was not affected by an increase in air flow 
resistance. The effect on muscular effort to over- 
come air flow resistance during a short lasting 
experiment can be expected to be different 
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from that in the patient with chronically 
increased resistance. 


OBSERVATIONS 


Pulmonary function studies of asthmatic pa- 
tients at a time of comparative or complete 
comfort reveal slight impairment of vital 
capacity, marked decrease in maximum breath- 
ing capacity, as well as maximum expiratory 
velocity, a high index of intrapulmonary mixing, 
an enlarged total lung capacity and a high 
residual volume to total lung capacity ratio. 

Treatment with either intravenous amino- 
phyllin or bronchodilator aerosols indicates 
that some of these defects are rather static; im- 
provement is of significant magnitude in maxi- 
mum breathing capacity, maximum expiratory 
velocity and index; there is slight improvement 
of vital capacity and of residual volume to total 
lung capacity ratio; there is little improvement 
in inspiratory capacity to vital capacity ratio, 
and there is no decrease of total lung capacity. 


SUMMARY 


Pulmonary function studies were performed 
in forty-two patients with chronic bronchial 
asthma in the asymptomatic state after treat- 
ment which consisted of aminophyllin, 0.5 gm. 
intravenously, or neosuprel® bronchodilator, 
six inhalations by aerosol sprays. 

Pulmonary function studies performed after 
treatment gave the following results. (1) The 
average improvement in the vital capacity was 
10.6 per cent after aminophyllin and 16.9 per 
cent after bronchodilator aerosols. (2) The 
average improvement in the maximum breath- 
ing capacity was 30.9 per cent after aminophyl- 
lin and 50.0 per cent after bronchodilator 
aerosols. (3) The average improvement in the 
index of intrapulmonary mixing was 32.7 per 
cent after aminophyllin and 28.8 per cent after 
bronchodilator aerosols. (4) The average residual 
volume decreased slightly. The average total 
lung capacity did not change appreciably after 
treatment. (5) The average improvement in the 
residual volume to total lung capacity ratio was 
7.4 per cent after aminophyllin and 8.1 per cent 
after bronchodilator aerosols. 

Clinical and experimental data are discussed 
in relation to the possible mechanism involved 
in the pathologic physiology of bronchial 
asthma and the changes induced by treatment. 
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N objective test has been reported by 
Hickey and Hare! which distinguishes 
the polyuria of diabetes insipidus from 

that caused by the habitual ingestion of excessive 

amounts of water. We have encountered a para- 
doxical response in a patient with psychogenic 
polydipsia. A possible explanation for the 
response in this patient has been obtained by 
studying the response to the administration of 
pitressin.© The comparison of the response in 
this patient with that in a patient with typical 

diabetes insipidus is presented, together with a 

discussion of possible factors influencing chloride 

excretion. 


METHODS 


The procedure of Hickey and Hare was 
followed precisely except for the determination 
of glomerular filtration rates and, hence, 
chloride reabsorption. Plasma and _ urinary 
chlorides were determined either by a modified 
Volhard-Harvey procedure? or by the procedure 
of Van Slyke and Hiller.* Both the ratio for the 
urinary and plasma chloride (U/P) concentra- 
tions and the rate of urine flow per minute were 
determined for each fifteen-minute period. 


CASE REPORTS 


Case 1. S. W. was a twenty-four year old 
white, married female who had an insidious 
onset of polydipsia and polyuria two years prior 
to admission. Her fluid intake and output were 
approximately 15 L. a day. She had no signifi- 
cant organic or psychiatric difficulties prior to 
the onset of her present complaint. A physical 
and neurologic examination revealed no ab- 
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Paradoxical Result Obtained with the 
Hickey-Hare Test for Diabetes Insipidus’ 


With a Note on the Regulation of Chloride Excretion 


J. MAxweE LitTLe, ph.p., ERNEst H. Yount, and Weston M. KELSEY, M.D. 
Winston-Salem, North Carolina 


normalities. The urinalysis was normal except 
for a specific gravity of 1.001. PSP excretion was 
normal. Hematologic studies were also normal. 
X-rays of the skull revealed a normal pituitary 
fossa. The patient responded satisfactorily to 
nasal insufflation of posterior pituitary powder. 

Case u. M. D. was a twenty-two year old 
white, divorced female who was admitted to the 
hospital because of headaches and polydipsia. 
She had noticed the onset of polydipsia and 
polyuria of gradually increasing severity four 
months prior to admission and was drinking 
about 10 L. of fluid a day. She had no nocturia. 
Her response to pitressin was satisfactory. The 
past history reveals that she had a hysterical 
paralysis of her right arm two years prior to 
admission. Two weeks prior to the present 
admission she obtained a divorce and became 
emotionally disturbed. A complete physical 
examination was within normal limits. The 
urinalysis was negative except for the specific 
gravity of 1.003. A Fishberg concentration test 
revealed satisfactory concentration. Hematologic 
studies were normal. X-rays of the skull revealed 
a normal pituitary fossa. 


RESULTS 


CasE1. Figure 1 presents the data obtained. 
It will be seen that there was no significant 
change in the chloride U/P ratio during the 
period of sodium chloride loading. The rate of 
urine formation increased slightly. This is the 
typical response described by Hickey and Hare 
in patients with diabetes insipidus and repre- 
sents a failure of the hypertonic saline to 
stimulate the output of the antidiuretic hormone. 


* From the Departments of Physiology and Pharmacology, Internal Medicine, and Pediatrics, the Bowman Gray 
School of Medicine of Wake Forest College, and the North Carolina Baptist Hospital, Winston-Salem, N. C. This 
investigation was supported (in part) by a research grant from the National Institutes of Health, U.S. Public Health 
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Case. Figure 2 presents the data obtained. 
It is obvious that the rate of urine formation 
decreased markedly during the period of sodium 
chloride loading. This is typical of the response 
of the normal person.! However, during the 
period of loading the chloride U/P ratio in- 
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Fic. 1. Patient S. W. The effect of intravenous 
hypertonic sodium chloride solution on the rate 
of urine flow and chloride U/P ratio. 


creased only slightly, a typical response in a 
patient with diabetes insipidus. A definite in- 
crease in the chloride U/P ratio occurred when 
the infusion was stopped. 

On another day the patient’s response to the 
intramuscular injection of 5 units of pitressin 
was studied. The patient drank 200 ml. of tap 
water every thirty minutes throughout the test 
period. Urine collections were made at thirty- 
minute intervals, and after two control periods 
the patient was given pitressin. The results are 
shown in Figure 3. It should be noted that the 
time scale is one-half that of the other figure. It 
was assumed that the plasma chloride concen- 
tration would remain relatively constant during 
the period of the test, and therefore that changes 
in urine chloride concentration would reflect 
adequately changes in the chloride U/P ratio. 


It will be seen that the response to pitressin was 
similar in all respects to the response obtained 
by the Hickey-Hare test. The rate of water ex- 
cretion decreased sharply, reaching a steady 
state within forty-five minutes after the pitressin 
injection. The urine chloride concentration in- 
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Fic. 2. Patient M. D. The effect of intrave- 
nous hypertonic sodium chloride solution on 
the rate of urine flow and chloride U/P ratio. 


creased about sixfold during this forty-five- 
minute period but following this and during the 
steady state of water excretion there was a 
marked increase in the urine chloride concen- 
tration. During the post-injection time period 
of 60 to 210 minutes the rate of water excretion 
remained below 0.5 ml./min. but the urine 
chloride concentration continued to increase, 
reaching a maximum value of 120.5 mEq./L., 
which is almost certainly in excess of the plasma 
chloride concentration, although we do not 
have data on the plasma chloride concentration 
at this time. 

The average rate of chloride excretion during 
the control periods was 58 wEq./min. Following 
the pitressin injection this excretion rate de- 
creased to a minimum value of 6 wEq./min. 
during the period 30 to 60 minutes after injec- 
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tion. Then the rate of chloride excretion began 
to increase, with fluctuations, and reached a 
maximum value of 124 wEq./min. (240 to 270 
minutes after pitressin injection). At this time 
the rate of water excretion was 4.7 ml./min., 
or about one-half the control rate. 


hypertonic saline solution, fails to increase the 
secretion of the antidiuretic hormone. In such 
situations the rate of urine flow does not de- 
crease and there is little or no change in the 
chloride U/P.! 

In a test of this type an increase in the 
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tration. 


COMMENT 


The Hickey-Hare test is based on the assump- 
tion that the infusion of a 2.5 per cent sodium 
chloride solution, by increasing the osmotic pres- 
sure of the plasma, constitutes an effective stimu- 
lus to activate the hypothalamic-hypophyseal 
mechanism in the normal individual. The result 
of this activation is an increase in the secretion 
of the antidiuretic hormone of the posterior 
pituitary gland. The increased antidiuretic 
hormone causes a marked decrease in the rate 
of urine formation and an increase in the ratio 
between the urinary chloride and plasma 
chloride concentrations (U/P). In the individual 
with dysfunction of the hypothalamic-hy- 
pophyseal mechanism, the stimulus, i.e., the 
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chloride U/P ratio is a result of an increased 
urinary chloride concentration primarily, since 
the plasma chloride concentration changes 
slightly. Information concerning the control of 
chloride excretion is incomplete. Several mecha- 
nisms could cause an increase in the urinary 
chloride concentration: (1) the load of chloride 
presented to the tubule may exceed the tubular 
capacity for chloride reabsorption in the normal 
person but not in the patient with diabetes 
insipidus, (2) the reabsorption of water by the 
renal tubule, under the influence of the anti- 
diuretic hormone, may exceed the reabsorption 
rate of chloride without invoking a specific 
effect on the chloride reabsorption rate or (3) 
the antidiuretic hormone, or some other sub- 
stance liberated by the posterior pituitary 
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gland, may not only specifically increase the 
rate of water reabsorption but also may 
specifically decrease the reabsorption rate of 
chloride. 

In considering possibility (1) available data in 
the literature were reéxamined. The tubular 
chloride load is a function of the plasma chloride 
concentration and the glomerular filtration rate 
(GFR). Typically the plasma chloride concen- 
tration in a patient with diabetes insipidus is 
within normal limits. There are few data 
describing the glomerular filtration rate in this 
condition, and the reports on the GFR in ex- 
perimental diabetes insipidus are not consist- 
ent.” Hickey and Hare! have reported a de- 
creased GFR in two patients with diabetes 
insipidus. These patients had a decreased tubu- 
lar chloride load when compared to the normal 
person under similar experimental conditions. 
If under the conditions of the test the increased 
urinary chloride concentration in the normal, 
as opposed to the patient with diabetes insipidus, 
were simply a function of tubular chloride over- 
loading in the normal without reaching the 
maximal tubular capacity in the patient with 
diabetes insipidus, the ratio of the load to the 
rate of chloride reabsorption should increase 
considerably in the normal while it would 
remain relatively unchanged in the patient with 
diabetes insipidus. Calculations were made for 
the ratio from the data of Hickey and Hare on 
three individuals and no significant difference 
was found. The normal’s control ratio was 
1.02 and this increased to 1.05 during the 
loading. The two patients with diabetes in- 
sipidus had control ratios of 1.02 and 1.00 
respectively and these increased to 1.08 and 
1.01 during the load. One must conclude that 
the difference in the chloride response to the test 
of the normal and the patient with diabetes 
insipidus cannot be explained on the basis of 
renal tubular chloride loads. 

Possibility (2) would imply that the anti- 
diuretic hormone specifically increases the reab- 
sorptive rate for water without specifically 
affecting the chloride reabsorption. Studies by 
Murphy and Stead‘ and by Sinclair-Smith 
et al.® support this concept. The infusion of a 
125-146 mM. solution of sodium chloride re- 
sulted in a water diuresis with a decreasing 
urinary chloride concentration‘ but after the 
infusion was stopped there was an abrupt 
decrease in the rate of urine flow and an increase 
in urinary chloride concentration with little or 


no change in the rate of chloride excretion, 
suggesting that the rate of chloride reabsorption 
was unaffected during the period of increased 
rate of water reabsorption. This antidiuresis is 
attributed to the release of antidiuretic hor- 
mone. Two of three normal hydrated subjects® 
showed a slight, but presumably non-significant, 
increase in the rate of chloride excretion follow- 
ing smoking or after the intravenous injection 
of 40 to 100 milli-units of pitressin, while the 
third subject showed a slightly decreased rate of 
excretion. All of these subjects had a marked 
decrease in the rate of urine flow. It was the 
conclusion of both of these groups of investiga- 
tors that the antidiuretic hormone has no 
specific effect on chloride reabsorption. 

The third possibility (3) states that the anti- 
diuretic hormone or some substance liberated 
by the posterior pituitary gland and also present 
in extracts from the gland may not only specifi- 
cally increase the rate of reabsorption of water by 
the tubule but also may specifically decrease the 
reabsorption rate of chloride by the tubule. 
Evidence obtained with experimental animals 
supports this hypothesis.” Using large intra- 
muscular doses of pitressin (10 units), the effect 
on chloride excretion in the human was vari- 
able,* but in seven non-hydrated subjects and 
in nine hydrated subjects the injection of pitres- 
sin was followed by an increased urinary 
chloride concentration and an increased urinary 
chloride excretion without a simultaneous de- 
crease in the rate of water excretion. These data 
suggest that some substance in the extract may 
inhibit specifically the reabsorption of chloride. 

It is clear that the factors involved in the 
regulation of chloride excretion are poorly 
understood. It is also clear that the possible role 
of the posterior pituitary gland in this regulation 
may be complex. Evidence presented here 
(Figs. 2 and 3) as well as previously discussed 
evidence,® obtained during a steady state as far 
as the rate of water excretion is concerned, 
suggests that stimulation of the posterior 
pituitary by 2.5 per cent sodium chloride in- 
fusion or the injection of pitressin may have a 
specific effect on chloride excretion. It is possi- 
ble that the difference in interpretation of the 
function of the posterior pituitary gland in the 
excretion of chloride may be due to quantitative 
or qualitative differences in the secretion of the 
gland under varying degrees of stimulation, to 
differences in the quantity of glandular extract 
used by various investigators, or to a temporal 
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difference in the effect which discloses a differ- 
ence in the specific effects of the secretion. In a 
complex situation what one observes may be the 
resultant of the effects of several factors and 
therefore the effect of a single factor may be 
obscured. For this reason we emphasize that 
observation of the effect of the posterior pituitary 
on the excretion of chloride should be made 
during a steady state of water excretion. 

Examination of the data on patient M. D. 
shows that there was a ‘‘normal’’ liberation of 
antidiuretic hormone by the stimulus of the 
2.5 per cent sodium chloride infusion, since the 
rate of urine flow decreased abruptly. (Fig. 2.) 
However, during this time the reabsorption of 
chloride proceeded at approximately the same 
rate as the reabsorption of water since the 
chloride U/P did not increase. This is contrary 
to the normal response.'* As the effect on water 
reabsorption began to decrease there was a 
sudden increase in the urinary chloride concen- 
tration. It is difficult to explain these observa- 
tions without considering some specific influ- 
ence of extrarenal origin on the tubular reab- 
sorption of chloride. Since the injection of an 
extract of the posterior pituitary gland caused 
a similar effect on chloride excretion (Fig. 3), 
it is suggestive that the posterior pituitary gland 
is specifically involved in the regulation of 
chloride excretion. 

The evidence suggests that patient M. D. had 
a functioning hypothalamic-hypophyseal mecha- 
nism as shown by the change in urine flow. 
However, the usual response of the urinary 
chloride concentration was delayed. In such 
instances of a paradoxical result the use of 
pitressin is of value in interpreting the Hickey- 
Hare test. 
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SUMMARY 


In a patient with polyuria the results obtained 
with the Hickey-Hare test were consistent with 
a normally functioning hypothalamic-hypophys- 
eal mechanism as far as the urine excretion 
rate was concerned but were not consistent with 
normal function with respect to the changes in 
the chloride U/P ratio. The patient responded 
in a similar manner to the injection of pitressin. 

Some factors influencing the excretion of 
chloride and the relationship of the posterior 
pituitary gland to chloride regulation are 
discussed. 


REFERENCES 


1. Hickey, R. C. and Hares, K. The renal excretion of 
chloride and water in diabetes insipidus. J. Clin. 
Investigation, 23: 768, 1944. 

2. Peters, J. P. and D. D. Van Styke. Quantitative 
Clinical Chemistry. Baltimore, 1932. The Williams 
and Wilkins Co. 

3. Van Styxe, D. D. and Hitter, Atma. Application 
of Sendroy’s iodometric chloride titration to pro- 
tein-containing fluids. J. Biol. Chem., 167: 107, 
1947, 

4. Murpuy, R, J. F. and Sreap, E. A., Jr. Effects of 
exogenous posterior pituitary antidiuretic hormone 
on water and electrolyte excretion. J. Clin. Investiga- 
tion, 30: 1055, 1951. 

5. Sminctair-SmitH, B. C., Sisson, J., Katrus, A. A., 
Genecin, A., Monce, C., McKerever, W. and 
Newman, E. V. The effects of posterior pituitary 
extract and smoking on water, sodium and chloride 
excretion in normal subjects and in patients with 
congestive failure. Bull. Johns Hopkins Hosp., 87: 
221, 1950. 

6. J. M., S. L., WHaATLEy, E. C, and 
Anverson, G. A. Effect of pitressin on the urinary 
excretion of chloride and water in the human. 
Am. J. Physiol., 151: 174, 1947. 

7. SmitrH, H. W. The Kidney. Structure and Function 
in Health and Disease. New York, 1951. Oxford 
University Press. 


ig 

\ 

\ 

4 

as 

ey 

pare * 

; 


Temporal Arteritis’ 


A Critical Evaluation of This Disorder and a Report of Three Cases 


Joun K. MENEELY, JR., M.D. and NoLton H. BIGELow, M.D. 
Albany, New York 


LTHOUGH the original report by Horton 
_ and others in 1932 described a precise 
clinical and pathologic entity, charac- 
terized as a form of arteritis first noted in the 
temporal vessels, many subsequent articles have 
tended to obscure rather than to illuminate the 
nature of this disorder. Persons with this type of 
arterial inflammation have low grade fever, 
weakness, anorexia, loss of weight, anemia, mild 
leukocytosis and painful, tender areas over the 
scalp and along the course of the temporal 
arteries. The disease occurs practically without 
exception in elderly individuals, chiefly women. 
Generalized symptoms may include fatigue, 
faintness, vertigo, nausea and vomiting. Local- 
ized findings peculiar to the syndrome are head- 
aches of great severity and tenderness with 
hyperesthesia over the temporal areas, associ- 
ated with hot, swollen and tender temporal 
arteries. The headaches may be unilateral or 
bilateral, depending on whether one or both 
temporal arteries are involved. Painful mastica- 
tion and pains in the neck, ears and upper cheeks 
are sometimes present. Ocular disturbances, 
which may accompany the headaches, include 
retrobulbar pain, blurring of vision and photo- 
phobia. Indeed, the condition may sometimes 
progress to complete blindness. Laboratory data 
usually show a microcytic anemia and mild 
leukocytosis without eosinophilia. Although 
most authors agree that the disease is self- 
limited and benign, with complete remission in 
a year’s time or less, some cases apparently have 
terminated fatally.?:?.% 18.14 
The etiology of temporai arteritis is not known. 
In general, the possible etiologic agents suggested 
have been an infectious incitant, hypersensi- 
tivity or perhaps a degenerative phenomenon of 
aging. Convincing or even plausible proof for 
any of these theories is lacking. 
The reported pathologic changes in the 


affected arteries are typical. The lesion is seg- 
mental although in the involved regions the 
chronic inflammatory process extends into all 
layers of the arterial wall. The adventitia ap- 
pears to be first affected and inflammatory cells, 
chiefly lymphocytes, neutrophils and occasional 
eosinophils, infiltrate widely, often revealing 
conspicuous perivascular cuffing about the vasa 
vasorum, which are greatly thickened and some- 
times occluded. Patchy necrosis of the media is 
noted and granulomatous changes are observed, 
the latter characterized by the presence of 
foreign body giant cells of the Langhans type 
and proliferating fibrous tissue. The foreign 
body giant cells, incidentally, are so striking 
as to be one of the pathognomonic features of 
this disorder. Marked fibrous tissue proliferation 
of the intima so greatly thickens this coat that 
the lumen of the artery is often nearly obliter- 
ated. A thrombus sometimes is present to 
diminish further the size of the lumen. 

Therapy is directed at interruption of sensory 
pain fibers. Thus excision of a segment of the 
vessel often results in complete disappearance 
of symptoms. Roberts and Askey'® have recently 
reported four instances of a type of cranial 
arteritis in which perivascular infiltration of 
procaine produced marked relief. Whether 
these were cases of true temporal arteritis is not 
made clear, as biopsy specimens were not 
obtained. 

CasE 1. A sixty-seven year old white man 
entered the hospital because of severe left 
temporal headache, of four months’ duration, 
which was severe, intermittent and aggravated 
by physical and nervous tension. A month prior 
to admission, pain and headaches in the opposite 
temporal region and blurring of vision in the 
left eye had developed. Night sweats, malaise, 
anorexia and a 20 pound loss of weight were also 
present. The patient also had extensive rectal 


* From the Departments of Medicine and Pathology, Albany Medical College, Albany, N. Y. 
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fistulas. The past history, family history and 
social history were not significant. 

The patient was a well developed and moder- 
ately well nourished man with marked paralysis 
agitans present for twenty years. The temporal 
arteries could be felt as firm, thickened, pulse- 
less, moderately tender cords. Over the left 
temporal region there was marked hyperesthesia. 
Except for exquisite rectal tenderness little else 
of note was found. 

The hemoglobin was 13.0 gm., the red cell 
count 4.8 million and the white cell count 9,700 
with 76 per cent neutrophils, 22 per cent lympho- 
cytes and 2 per cent eosinophils. The urine was 
normal. Gastrointestinal series, barium enema 
and chest roentgenograms were negative. A 
stool specimen was negative for occult blood. 
Blood cultures and agglutination tests for 
typhoid fever, brucellosis and typhus were 
negative. 

The hospital course was characterized by 
daily afternoon elevations of temperature to 
100°r. and frequent episodes of headache, worse 
on the left and associated with blurring of vision 
of both eyes. An operation was performed for 
repair of the rectal fistulas. At the same time a 
2 cm. segment of the left temporal artery was 
excised. Immediately following excision of this 
segment complete and immediate disappear- 
ance of the headaches and of the blurring of 
vision on the left occurred. Infiltration by 2 per 
cent procaine hydrochloride of the right tempo- 
ral artery produced similar results. However, 
pain recurred in the right temporal region. Be- 
cause of the recurrence of pain, benadryl,® 
50 mg. three times daily, was prescribed, and 
the pain has been absent since the beginning of 
this antihistaminic regimen. 

Pathologically the specimen removed at op- 
eration consisted of a segment of the left tempo- 
ral artery approximately 2.0 cm. in length. 
Microscopically it showed marked thickening 
of all layers of the vessel with extreme narrowing 
of the lumen which did not contain a thrombus. 
(Fig. 1.) The intima was thickened by inflamed 
proliferating fibrous tissue and by acellular, 
hyaline connective tissue, presumably collagen. 
There was no evidence of atheroma formation. 
The media was the site of a diffuse granulom- 


atous lesion characterized by the presence of + 


foreign body giant cells, some of which were 
similar to those of the Langhans type, marked 
necrosis in the smooth muscle and elastic tissues, 
and irregular fibroblastic proliferation. (Figs. 2 
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Fic. 1. Case 1. Tangential section of temporal artery; 
there is thickening of all layers of this vessel by in- 
flamed fibrous tissue. A narrow zone of necrosis 
bordered by inflamed granulation tissue may be seen 
in the media. Foreign body giant cells are barely dis- 
cernible adjacent to the necrotic foci. The lumen 
remains as a thin slit. No thrombus is present, how- 
ever; X 100. 


and 3.) A diffuse but irregular infiltration of 
lymphocytes was present and a rare neutrophil 
was seen. The adventitia was thickened by 
dense fibrous tissue and the walls of the vasa 
vasorum were also thickened and showed slight 
cellular hyperplasia and hyaline intimal thick- 
ening. Their lumens were small. 

Case ul. A seventy year old white woman 
entered the hospital because of fever, headache, 
nausea and vomiting. The headaches began 
approximately one year before admission and 
were localized in the frontal areas bilaterally. 
Two and a half months before admission she 
had first noted the onset of soreness in the right 
temporal region. At this time she observed that 
the temporal vessels had become unduly promi- 
nent and tortuous. Intermittent elevations in 
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Fic. 2. The same vessel under greater magnification; the necrotic tissues of the media, with the adjacent inflamed 
vascularized granulation tissue, are more readily seen and the granulomatous character of the inflammation is 
obvious. Giant cells of foreign body type lie peripheral to the necrotic region. Fibrous thickening of the intima, due 
to actual fibrous proliferation and not to atherosclerosis, is evident. The tissue is lightly infiltrated by lymphocytes. 
A few thin-walled vascular channels lined by endothelium are also to be noted in the intima; X 225. 


Fic. 3. The same lesion showing a foreign body giant cell; the granulomatous inflammation of temporal arteritis 
is typified by the presence of giant cells of the foreign body type. The nuclei of these cells tend to form a ring about 
an acellular eosinophilic hyaline core and often resemble giant cells of the Langhans type. This cell is adjacent to 


the region of necrosis in the media; X 625. 


temperature to as high as 102°F. were associated 
with these developments. Two weeks before 
admission the patient had had a bout of nausea 
and vomiting and had developed loss of vision 
for which she was hospitalized elsewhere. At 
that time she had received penicillin and sul- 
fonamide therapy. During the two-week interim 
before hospitalization she had noted that the 
pain radiated from the temporal region to the 
front of the ear and below the chin. She also had 
associated loss of appetite, color, strength and 
weight. The past history, family history and 
system review were not significant. 

Physical examination on admission to the 
Albany Hospital revealed a well preserved white 
woman complaining of severe: headache and 
slightly tender temporal vessels. The temporal 
arteries were relatively firm although they were 
found to pulsate slightly when palpated. Daily 


afternoon temperature elevations to approxi- 
mately 101°r. were observed. 

The red cell count was 3.3 million and the 
white cell count 6,700 with a normal differen- 
tial. Sedimentation rate was 50 mm. per hour. 
The fasting blood sugar was 86 mg. per cent and 
the non-protein nitrogen 27 mg. per cent. The 
Wassermann test was negative. The urine was 
normal. X-ray films of the chest and skull as 
well as a gastrointestinal series and a flat plate 
of the abdomen were all negative. Agglutination 
tests for brucellosis and typhoid were negative. 
Blood, stool and urine culture yielded only 
contaminants. 

A section of the right temporal artery was 
removed for biopsy and the pathologic changes 
were those of typical temporal arteritis. Follow- 
ing the removal of this segment the pain disap- 
peared on that side. The patient continued to 
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have nausea, vomiting and pain on the opposite 
side, and a segment of this temporal vessel was 
likewise removed, and was also found to have 
undergone the typical granulomatous changes 
of temporal arteritis. Following this operation 
the patient became free of headaches and visual 
difficulties. 

Case 1. This patient was a seventy-one 
year old white man admitted to the Albany 
Hospital because of wrist drop and severe head- 
ache, both of a few weeks’ duration. The head- 
ache occurred in the left frontal region, was 
constantly present but of varying severity, and 
was associated with diminished visual acuity 
of the left eye. The patient’s other symptoms 
included episodes of sudden loss of consciousness 
and falling without convulsions. The family 
history, past history and personal ‘history bore 
no relation to the present disease. On physical 
examination the significant findings were pres- 
ent in the temporal arteries, which were firm, 
beaded and slightly tender. The eyes on neu- 
rologic examination showed marked impairment 
of vision on the left with only questionable light 
perception in the nasal field remaining, fixation 
of the pupil to light and changes in the optic 
disc which were suggestive of papilledema and 
optic neuritis. The right wrist showed wrist drop 
and the left foot slight atrophy; there was also 
diminished sensation over the right wrist and 
hand as well as the left foot. Slight right facial 
weakness was present. It was at first thought 
that the patient had multiple vitamin deficien- 
cies, resulting in polyneuritis and multiple small 
cerebrovascular accidents. 

Lumbar puncture revealed normal cerebro- 
spinal fluid pressure and 90 mg. per cent of 
protein. The colloidal gold curve was third zone 
or meningitic in type. The hemoglobin was 
11 gm.; the red cell count 3.1 million and the 

white cell count 7,500 with 56 neutrophils, 
3 eosinophils, 4 basophils, 36 lymphocytes and 
1 monocyte. The Wassermann test was nega- 
tive. The fasting blood sugar was 83 mg. per 
cent, non-protein nitrogen 31 mg. per cent, 
cholesterol 189 mg. per cent with 66 per cent 
cholesterol ester. Total blood protein was 6.3 gm. 
with 3.7 gm. of albumin and 2.6 gm. of globulin. 
The 1 minute serum bilirubin was 0.15 mg. per 
cent; thirty minutes, 0.8 mg. per cent. Bromsulfa- 
lein test revealed 12.6 per cent of the dye remain- 
ing in the blood at forty-five minutes. Evidence of 
healed tuberculosis and an enlarged tortuous 
aorta was noted in a chest roentgenogram. The 
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electrocardiogram gave evidence of generalized 
myocardial damage. A BMR test was normal. 
An angiogram of the left internal carotid artery 
was unsuccessful as no opaque material was 
visible in the vascular system of the brain. 
Twice during his hospital course the patient 
had an elevated temperature of 99°F. together 
with frequent episodes of loss of consciousness 
and with continuing pain in both temporal 
regions. A biopsy of a 2.0 cm. segment of the 
posterior branch of the right temporal artery was 
performed after the patient had been in the 
hospital approximately one month. The lumen 
of this vessel was reduced to little more than a 
narrow slit. The various layers of the artery were 
difficult to identify as these structures had been 
virtually replaced by chronic granulomatous 
tissue in which occasional foreign body giant 


_ cells of the Langhans type were present. There 


was no evidence of thrombosis. ; 

The patient lapsed into coma on the thirty- 
fourth hospital day and died. An autopsy was 
performed and the findings are summarized 
briefly since a detailed report of the extent and 
nature of the granulomatous arterial lesions will 
be the subject of another report. There was ad- 
vanced atherosclerosis of both internal carotid 
arteries with, in addition, the changes of granu- 
lomatous arteritis with foreign body giant cell 
reaction. A recanalized thrombus was present 
at the site of granulomatous inflammation in one 
of the arteries but the thrombus in the other 
carotid artery was not situated at the site of 
granulomatous inflammation. The thrombi in 
both of these vessels had virtually obliterated 
already narrowed lumens, and widespread con- 
comitant encephalomalacia of the left fronto- 
parietal region of the left cerebral hemisphere 
was present. 

The changes in the carotid arteries, while 
essentially similar to the typical granulomatous 
lesions of temporal arteries, were different in 
some respects. The intima of these vessels showed 
the changes of atherosclerosis, chiefly hyaline 
thickening and degeneration, rather than the 
proliferation of fibroblasts usually seen. The 
lumens of the carotid arteries, while appreciably 
narrowed, were not the mere slits that are often 
found. So advanced were the arteriosclerotic 
lesions in these vessels that it was thought that 
the thrombi might be due to arteriosclerosis 
rather than the granulomatous inflammation 
of temporal arteritis. 

Several of the small intracerebral vessels 
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showed suggestive, although not typical, granu- 
lomatous changes. Careful examination of the 
arteries of the other internal viscera, including 
the heart and kidneys, failed to reveal granu- 
lomatous changes although advanced arterio- 
sclerosis was present. 


COMMENTS 


Soon after temporal arteritis was reported as 
a new and unusual clinical entity, the suggestion 
was made that it might represent merely a 
variant of periarteritis nodosa. However, its 
relatively benign course differed sharply from 
that of periarteritis nodosa and the facts that 
individuals over the age of fifty-five seemed to 
be affected and that the lesions were generally 
limited to the cranial arteries seemed to set it 
apart from this other serious and widespread 
arterial disease. Actually this disorder appears 
to represent a distinct clinicopathologic entity, 
the etiology of which is as yet obscure. The paper 
by Kilbourne and Wolff® has clearly delineated 
its significant clinical aspects while others®'* 
have given a detailed description of the signifi- 
cant pathologic changes. The most striking 
change is the presence of a foreign body giant 
cell reaction so characterized that it has been 
suggested that this lesion be called granulom- 
atous arteritis of undetermined cause or, better, 
non-specific granulomatous arteritis.® 

It should be pointed out that many authors 
have noted shortcomings in the term temporal 
arteritis and many synonyms such as cranial 
arteritis and arteritis of Horton and Magath 
have been suggested. None of these has gained 
currency. Certainly one serious defect should 
not be lost sight of in the term temporal arteritis. 
The term as originally used was not an all- 
inclusive phrase designed to encompass every 
inflammatory lesion of the temporal artery. It 
was conceived to be and should still be con- 
sidered as a definite clinicopathologic entity, 
the histopathologic changes of which are quite 
specific. In the case of Kilbourne and Wolff® the 
clinical aspects of the disorder were classic. Un- 
fortunately, however, the pathologic report of 
the excised artery in their case described an 
inflammatory lesion in which there was no men- 
tion of a granulomatous or foreign body giant 
cell type of reaction. On the basis of this report 
and others, in which the arterial inflammatory 
changes were non-specific; cases have been re- 
ported of inflammatory lesions of the temporal 


arteries which not only were not granulomatous 
but also had none of the clinical features associ- 
ated with this disorder. For example, a case of 
cranial arteritis in a young woman twenty-two 
years of age was reported.* Despite a normal 
leukocyte count, the absence of a recorded red 
blood cell count and the presence of a pulsating 
temporal artery which did not show granuloma- 
tous lesions in the media, this case was con- 
sidered to be an example of the disorder described 
by Horton and Magath. Certainly not all in- 
flammatory lesions of the temporal artery are 
granulomatous and the inclusion of all kinds of 
inflammatory lesions of this vessel as examples 
of temporal arteritis as described by Horton and 
Magath would seem to be unwarranted. On 
the other hand, it seems valid to assume that 
granulomatous arteritis of arteries other than 
the temporal, when the lesions exhibit the same 
type of pathologic change as that seen in tempo- 
ral arteritis, represents a manifestation of the 
same fundamental disorder.!!:!” 

It should be noted in this connection that 
inflammatory lesions of arteries are not rare 
although autopsy and surgical specimens of most 
of these vessels are not often obtained. The 
temporal artery, however, is ideal for surgical 
extirpation because of its easy accessibility. 
This same factor, accessibility, may in fact make 
this vessel more vulnerable to various inflamma- 
tory or degenerative disorders. Thus care should 
be taken to classify accurately the changes one 
finds in these vessels. Possibly in older persons 
arteries less readily accessible to biopsy or autopsy 
may undergo the granulomatous changes noted 
most frequently in the temporal arteries. 

If a definite etiologic factor could be demon- 
strated, one might then be less concerned about 
strict adherence to pathologic criteria. However, 
in the absence of a proved etiologic agent it 
seems reasonable to insist that only biopsied 
cases showing the characteristic granulomatous 
lesions in the affected artery can be considered 
at this time to comprise the entity so clearly 
described by Horton and Magath. 

Although the undesirability of the term 
temporal arteritis is well recognized, an ac- 
ceptable substitute apparently has not been 
proposed. We believe that a term emphasizing 
the pathologic aspects of this disorder rather 
than any regional distribution would be most 
desirable since this lesion has been found in such 
diverse locations as the radial and coronary 
arteries. Consequently the term non-specific 
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granulomatous arteritis or, more simply, granu- 
lomatous arteritis seems appropriate. 


SUMMARY 


A brief clinical and pathologic summary of the 
syndrome of temporal arteritis is made, with a 
report of three new cases, one of which was fatal 
and in which an autopsy was performed. This 
condition, first reported in 1932 by Horton, 
Magath and Brown, is characterized by severe 
headaches, pain in the temporal region and the 
presence of inflamed, thickened and tortuous 
temporal arteries. Constitutional symptoms of 
a generalized infection are also present. 

The characteristic pathologic lesion consists 
of proliferation of inflamed fibrous tissue of all 
layers of the affected vessel, together with focal 
necrosis and granulomatous lesions associated 
with foreign body giant cell formation in the 
media. Good therapeutic results are obtained 
by procaine injection, surgical excision of a 
portion of the diseased vessel and, in at least one 
instance, antihistaminic therapy. The disorder 
is usually self-limited and non-fatal. Although 
generally a localized vascular disease of the 
temporal arteries, other cranial arteries, as well 
as arteries in other parts of the body, may show 
the same type of lesion. 

We believe the term temporal arteritis should 
be restricted to instances in which the affected 
vessel has undergone the characteristic granu- 
lomatous change associated with foreign body 
giant cells. We also suggest changing the regional 
designation temporal arteritis to that of a 
pathologic entity, such as non-specific granu- 
lomatous arteritis or, more simply, granuloma- 
tous arteritis. 
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Review 


The Effects and Treatment of Nerve 
Gas Poisoning’ 


Davip Gros, M.D. and A. M. Harvey, M.D. 
Baltimore, Maryland 


HE nerve gases are a group of organic 

esters of phosphoric acid derivatives 

which, because of their volatility and 
toxicity, are among the most potent of the 
known chemical warfare agents.! They are also 
the most adaptable to long range attack, as 
upon civilian populations.” The majority of the 
compounds comprising this group were synthe- 
sized by the Germans before and during the 
recent war, and one of them was stored in large 
quantities for military use, although never 
actually employed in combat. Some of the 
German installations for the production and 
study of nerve gases were located in what is now 
the eastern zone of Germany. 

A number of organic esters of phosphoric acid 
derivatives, which are related to the nerve gases 
but are somewhat less toxic, have proved to be 
useful in medicine and in agriculture. These 
compounds, like the nerve gases, owe their 
activity to their ability to inhibit cholinesterase 
(ChE) enzymes more or less irreversibly, with 
resultant cholinergic effects attributable to the 
accumulation of acetylcholine in the effector 
organs. Di-isopropyl fluorophosphate (DFP) 
has been employed to study the role of ChE 
enzymes in normal function and in disease,* and 
as a therapeutic agent in the management of 
abdominal distention,* urinary retention and 
glaucoma.‘ Tetraethyl pyrophosphate (TEPP) 
has proved to be of value in the management of 
some patients with myasthenia gravis.® Para- 
thion, hexaethyl tetraphosphate (HETP) and 
TEPP have been widely used throughout the 
world as insecticides and their indiscriminate 
dispersal has resulted in a number of instances 
of fatal exposure. 

The mechanism of action, effects, prevention 
and treatment of nerve gas poisoning have 


proved to be similar in general to those of the 
more familiar organic phosphate anticholines- 
terase (antiChE) compounds. The present report 
will attempt to summarize the effects that have 
been observed in normal volunteer subjects 
following the administration of, or exposure to, 
one of the more toxic of these nerve gases. This 
compound, which is of considerable military 
importance, will be referred to as “nerve gas.” 
It is probable that the effects of other nerve 
gases will prove to be similar, differing mainly 
in dose-effect relationship. Because of security 
considerations detailed information concerning 
the chemical composition and physical proper- 
ties of “‘nerve gas,” and the quantitative aspects 
of dose-effect relationship have been omitted 
from this report. 


EFFECTS OF “‘NERVE GAS”? IN MAN 


“Nerve gas” is a colorless liquid which is 
volatile at ordinary temperatures. Its effects, 
like those of the other organic phosphate 
antiChE compounds, are referable to the in- 
hibition of ChE enzymes in the tissues and the 
resultant accumulation of acetylcholine at the 
ends of postganglionic cholinergic nerves to 
smooth and cardiac muscle and secretory glands 
(muscarine-like effects), preganglionic nerves to 
autonomic ganglia and motor nerves to striated 
muscle (nicotine-like effects), and in the central 
nervous system. The inhibition of ChE en- 
zymes by “nerve gas” rapidly becomes irre-. 
versible, so that the effects of this compound 
are prolonged. Until the tissue cholinesterases 
have been restored to normal activity, probably 
by the regeneration of enzyme over a period of 
days or weeks, subjects who have been exposed 
to “‘nerve gas” have increased susceptibility to 
its action, which may be cumulative. 


* From the Department of Medicine, Johns Hopkins University and Hospital, Baltimore, Md. The work described 
in this paper was largely carried out under a contract between the Chemical Corps Medical Laboratories, U. S. Army, 


and the Johns Hopkins University. 
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ABSORPTION 


“Nerve gas,”’ like the other organic phosphate 
anticholinesterases, may be absorbed by any 
route. When dispersed as a vapor, spray or 
aerosol, or adsorbed on dust, it is readily ab- 
sorbed through the respiratory tract and con- 
junctivas. Liquid “‘nerve gas,” or solutions, may 
bé absorbed through the skin, conjunctivas, 
gastrointestinal tract, or following injection. 


LOCAL OCULAR AND RESPIRATORY EFFECTS 
(TABLE 1) 


Conjunctival exposure to, or inhalation of, 
“nerve gas” produces local cholinergic effects 
which are attributable to the inhibition of ChE 
enzymes in the eye and in the upper and lower 
respiratory tract. These occur before there is any 
evidence of systemic absorption. The ocular 
effects consist of miosis, a sensation of “‘pressure”’ 
in and behind the eye, frontal headache and 
conjunctival hyperemia. The pupillary con- 
striction may be unequal. Severe local exposure 
produces maximal miosis and eye pain, especially 
on focussing. Vision is usually not grossly im- 
paired, although there may be slight dimness 
especially in the peripheral fields. Occasionally 
there is nausea and vomiting which, in the 
absence of systemic absorption, has been at- 
tributed to a reflex initiated by the ocular effects. 
The local effects of “‘nerve gas” on the respira- 
tory tract consist of rhinorrhea, nasal hyper- 
emia, a sensation of tightness in the chest and 
occasionally prolonged wheezing expiration, 
suggestive of bronchoconstriction or increased 
bronchial secretion. It is possible that exposure 
to high concentrations may produce more 
marked evidence of bronchoconstriction. 


SYSTEMIC EFFECTS (TABLE 1) 


These may follow absorption of “nerve gas” 
by any route. Absorption through the skin or 
gastrointestinal tract produces no local irritant 
change so that exposure by these routes may go 
undetected until symptoms begin. ‘“‘Nerve gas” 
has no taste and no distinctive odor. 
| ‘Muscarine-like effects: These are usually the 
first to appear. The earliest manifestations are 
usually anorexia, nausea, sweating, epigastric 
and substernal “tightness” (probably due to 
cardiospasm) with ‘“‘heartburn” and eructation, 
and ‘‘tightness’’ in the chest. The sequence of 
these symptoms may vary with the route of 
exposure, gastrointestinal effects usually being 
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the earliest following ingestion, sweating (and 
at times localized muscular fasciculations) 
following percutaneous exposure, and respira- 
tory effects following inhalation. If absorption 
is sufficiently great, whether due to a single 
exposure or to repeated smaller exposures, the 
initial effects are followed by abdominal cramps, 
increased peristalsis, vomiting, profuse sweating 
and dyspnea, with reduction in vital capacity 
and in maximal breathing capacity. In some 
but not all subjects the dyspnea is accompanied 
with varying degrees of audible wheezing, with 
prolonged expiration, and by spirometric evi- 
dence of reduction in the vital capacity and in 
the rate of movement of air into and out of the 
lungs suggestive of bronchoconstriction or in- 
creased bronchial secretion. Respiratory mani- 
festations are more marked when the respiratory 
tract is the route of absorption and when the 
subject is in the older age group or has a history 
of antecedent respiratory disease. They would 
be expected to be most marked in asthmatic 
subjects. Respiratory as well as gastrointestinal 
symptoms may increase following the smoking 
of one or two cigarettes. Extensive exposure also 
results in diarrhea, tenesmus, increased saliva- 
tion and lacrimation, pallor, slight miosis, 


urinary frequency and occasionally slight brady- . 


cardia and pain referred to the lower thoracic 
cage. More severe muscarine-like effects of 
“nerve gas” have not yet been observed in man. 
Following accidental exposure to sublethal or 
lethal amounts of parathion the symptoms out- 
lined previously have been followed by in- 
voluntary defecation and urination, excessive 
bronchial secretion and occasionally by pulmo- 
nary edema.® Severe bronchoconstriction has 
not been observed in man following lethal 
exposure to parathion but has been observed in 
experimental animals after sublethal or lethal 
exposure to either parathion or “nerve gas.” 
Nicotine-like effects: Shortly after the onset of 
moderate muscarine-like effects there ensue 
increased fatigability, mild generalized weakness 
which is increased by exertion, involuntary 
muscular twitching, scattered fasciculations and 
sometimes muscle cramps. Extensive exposure 
results in severe generalized weakness, including 
weakness of the muscles of respiration with 
respiratory distress. The fasciculations, which 
usually appear first in the eyelids and in the 
facial and calf muscles, become generalized. 
Electromyographic studies show alterations in 
neuromuscular function which are attributable 
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TABLE I 


Nerve Gas Poisoning— Grob, Harvey 


Site of Action 


Signs and Symptoms 


A* 


Bt 


1. 


Following Local Exposure 


Muscarine-like 


Nasal mucous membranes. ... . 
Bronchial tree... 6.5; 


Miosis, marked or maximal, occasion- 
ally unequal 

Frontal headache, eye pain on focussing, 
slight dimness of vision, occasional 
nausea and vomiting 

Hyperemia 

Rhinorrhea, hyperemia 

Tightness in chest, occasionally with 
prolonged wheezing expiration sugges- 
tive of bronchoconstriction or increased 
secretion 


Following Systemic Absorption 


Salivary glands.............. 


. Nicotine-like 


Sympathetic ganglia.......... 


3. Central Nervous System......... 


Anorexia, nausea, vomiting, abdominal 
cramps, epigastric and substernal tight- 
ness (? cardiospasm) with “heartburn’”’ 
and eructation, diarrhea, tenesmus 

Increased sweating 

Increased salivation 

Increased lacrimation 

Slight bradycardia 

Tightness in chest, with prolonged 
wheezing expiration suggestive of bron- 
choconstriction or increased secretion, 
dyspnea, slight pain in chest 

Slight miosis, occasionally unequal 


Frequency 


Easy fatigue, mild weakness, muscular 
twitching, fasciculations, cramps, gen- 
eralized weakness, including muscles of 
respiration, with dyspnea 

Pallor, occasional elevation of blood 
pressure 

Giddiness, excessive dreaming, insomnia, 
nightmares, tension, anxiety, jitteri- 
ness, restlessness, emotional lability, 
headache, tremor, withdrawal and de- 
pression, reduction of voltage of EEG, 
bursts of slow waves of elevated voltage 
in EEG, especially on overventilation, 
drowsiness, difficulty concentrating, 
slowness of recall, confusion 


Involuntary defecation 


Increased bronchiai secretion, pulmo- 
nary edema, with cyanosis 


Maximal miosis (pin-point, non-reac- 
tive) 

Blurring of vision 

Involuntary micturition 


Paresthesias, slurred speech, ataxia, gen- 
eralized weakness, coma, with absence 
of reflexes, Cheyne-Stokes respirations, 
convulsions, depression of respiratory 
and circulatory centers 


* Signs and symptoms that followed local exposure to and systemic absorption of ‘‘nerve gas.’’ Gastrointestinal, 
pulmonary, nicotine-like and central nervous system symptoms are listed in order of appearance. 

+ Additional signs and symptoms that followed accidental absorption of sub-lethal or lethal amounts of TEPP or 
parathion and which would be expected to follow absorption of proportionate amounts of “‘nerve gas.” 
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to the accumulation of excessive acetylcholine 
at the motor end plate. (Fig. 1.) Occasionally 
mild or moderate elevation of blood pressure 
occurs, probably owing to stimulation of 
sympathetic ganglia. 

Central nervous system effects: Tension, anxiety, 
jitteriness, restlessness, emotional lability and 
giddiness occur early, followed by insomnia, 
with excessive dreaming and occasionally night- 
mares. If the exposure is extensive, headache, 
tremor, drowsiness, difficulty in concentrating, 
slowness of recall and mental confusion develop. 
In some subjects there is withdrawal and 
depression. Following asymptomatic exposure 
there is no change in the electroencephalogram. 
With the appearance of mild symptoms there is 
usually a slight diminution in potential and, 
when moderate symptoms are present, irregu- 
larities in rhythm, variation and increase in 
potential, and intermittent bursts of abnormal 
waves similar to those seen in patients with 
epilepsy appear. These consist of slow waves 
(214% to 6 per second) of elevated voltage (70 to 
150 mv.), usually most marked in the frontal 
leads. They usually are not striking prior to 
overventilation, appearing in intermittent bursts 
after one or more minutes of overventilation. 
(Fig. 2.) More severe central neural effects of 
“nerve gas’ have not been studied in man. 
Following accidental sublethal or lethal ex- 
posure to parathion the aforementioned symp- 
toms have been followed by ataxia, changes in 
speech consisting of slurring, difficulty in form- 
ing words and multiple repetition of the last 
syllable, coma, areflexia, Cheyne-Stokes respira- 
tion, generalized convulsions and, finally, 
depression of respiration. ® 


ONSET AND DURATION OF SYMPTOMS 


Local effects begin within a few minutes after 
exposure. The local symptoms last for several 
hours to a day, while the miosis persists for two 
to five days. Moderate systemic effects begin 
within half an hour after respiratory exposure, 
three-quarters of an hour after oral exposure, 
and two to three hours after percutaneous ex- 
posure. It is probable that the latent period 
following exposure to sublethal or lethal con- 
centrations would be shorter. Mild systemic 
symptoms may last for a few hours while 
moderately severe symptoms may not reach 
their maximum severity until four to eight 
hours after onset, and usually diminish over a 
period of one to six days. During the period of 
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recovery symptoms may recur intermittently, 
especially following exertion. The electroen- 
cephalographic changes may persist for as long 
as eleven to eighteen days. | 
The time interval between exposure to “‘nerve 
gas’ and death is not known in man. The aver- 


A B C. 


2,000 pv. 


Fic. 1. The effect of percutaneous absorption (left 
forearm) of a solution of “nerve gas” on the muscle 
action potential (right adductor digiti quinti) of a 
normal subject in response to supramaximal stimula- 
tion of the right ulnar nerve. A, before exposure; B, 
sixty-five hours after sufficient exposure to produce 
moderately severe generalized weakness and abnormal 
fatigability. At this time mild symptoms were still 
present. The electromyogram reveals a normal re- 
sponse to the initial stimulus, slight depression of the 
response to the second stimulus and marked depression 
of the response to the third. The response to subsequent 
stimuli delivered at similar intervals was also reduced. 
C, eighty-nine hours after exposure. Symptoms had 
almost disappeared, and the response to repetitive 
stimuli was near normal. 


age time interval between accidental exposure 
to parathion and death has been ten and a half 
hours, and between the onset of symptoms and 
death nine hours. Following overwhelming 
exposure to parathion, especially by inhalation, 
these time intervals have been as short as one 
hour. Terminally, respiration has become 
shallow, labored and rapid, cyanosis has ensued, 
and the blood pressure has then become unob- 
tainable.* Factors contributing to death due to 
parathion are believed to be depression of the 
respiratory and circulatory centers in the brain, 
weakness of the muscles of respiration due to 
neuromuscular block, and, in some instances, 
excessive bronchial secretion, pulmonary edema 
and bronchoconstriction. It is likely that death 
due to “‘nerve gas” would be the result of similar 
functional alterations. Postmortem examination 
following death due to parathion has usually 
revealed capillary dilatation, hyperemia and 
edema of the lungs, sometimes of the brain as 
well, and occasionally of all the organs.*® 
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CUMULATIVE EFFECTS OF REPEATED EXPOSURE 


Daily exposure to concentrations of “nerve 
gas” which are insufficient to produce symp- 
toms following a single exposure may result in 
the onset of symptoms after several days. Con- 


tration persisted for one to three weeks.* In- 
creased susceptibility is not limited to the antiChE 
agent that is initially absorbed but would be 
expected to apply to any other antiChE or 
direct acting cholinergic compound. 


50 Microvolts iSecond 
Fic. 2. The effect of oral administration of a solution of ‘“‘nerve gas” on the electroencephalogram of a normal 
subject. Alterations have been brought out by hyperventilation. A and A’, controls before administration and after 
three and five minutes of hyperventilation. B and B’, following administration of “‘nerve gas” and after three and 
four minutes of hyperventilation. The degree of abnormality increased progressively during the period of hyper- 
ventilation. C, C’ and C”, fifteen minutes after B’, and five to ten minutes after the intravenous injection of 1 mg. 
atropine sulfate. C is after three minutes of hyperventilation, C’ after four minutes and C”’ after five minutes. The 
injection of atropine has resulted in reduction in potential and in irregularities of rhythm and potential (C and C’) 
and has delayed the appearance of abnormal slow waves of increased potential. ‘These did not appear until after five 
minutes of hyperventilation (C’’). 


increasingly severe effects. After symptoms sub- 
side, increased susceptibility persists for one or 
more days. The degree of exposure required to 
produce recurrence of symptoms and _ the 
severity of these symptoms depend on the 
extent of and time interval since the last ex- 
posure. The exact duration of the period of in- 
creased susceptibility to “‘nerve gas’ is not 
known. Following subsidence of symptoms pro- 
duced by the related compound, DFP, increased 
susceptibility to antiChE compound adminis- 


CHOLINESTERASE ACTIVITY 


The signs and symptoms produced by “‘nerve 
gas” are due to inhibition of the ChE enzymes 
of the nervous system, muscle and secretory 
glands, and not to the coincident inhibition of 
ChE enzymes of the plasma and red blood cells. 
However, since it is not possible to determine 
the ChE activity of the tissues in man during 
life, it is necessary to rely on the ChE activity 
of the plasma and red blood cells as a guide of 
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some value in detecting systemic absorption of 
“nerve gas” and persistence of its effects. 

Effect of a single exposure: The systemic absorp- 
tion of “nerve gas” by any route is followed by 
a decrease in plasma and red blood cell ChE, 
activity. (Fig. 3.) The maximum depression of 


100 


@ 


day. After nearly complete depression of red 
blood cell ChE, ninety to 100 days are required 
for restoration of the original activity. Once 
restoration of plasma and red blood cell ChE 
activity has begun, the rates are independent 
of the amount of “‘nerve gas’’ that has been ab- 
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Fic. 3. Depression of ChE activity (plasma ®— — —®, and red blood cell 0— — —) after administration to o 


a normal subject of a single oral dose of a solution of ‘‘nerve gas,” and restoration during the first day. ChE 
activity was determined both manometrically* and by electrometric measurement of change in hydrogen ion 


concentration. !° 


ChE activity occurs within one to two hours 
after exposure. The degree of depression of the 
ChE activity of the red blood cells is slightly 
greater than that of the plasma, corresponding 
to the relative sensitivity of these enzymes to 
“nerve gas” in vitro. The degree of depression 
of plasma and red blood cell ChE varies with 
the amount of “nerve gas’? absorbed, the 
logarithm of the fraction of enzyme inhibited 
being proportional to the amount of agent 
absorbed. 

Restoration of plasma and red blood cell ChE 
activity (Figure 4): Restoration of the former 
begins three to ten hours after cessation of ex- 
posure, and of the latter twenty-four to forty- 
eight hours after exposure. Plasma ChE activity 
increases by about 13 per cent of original activity 
during the first day after exposure, about 8 per 
cent on the second day, 6 per cent on the third, 
5 per cent on the fourth, and 2 to 4 per cent per 
day on subsequent days until return to the 
original level of activity. This requires thirty to 
forty days following marked depression of 
activity. The red blood cell ChE activity in- 
creases more slowly at a regular rate of ap- 
proximately 1 per cent of original activity per 
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sorbed, the time of exposure, and the degree of 
depression of ChE activity at the end of the 
exposure. The available evidence indicates that 
plasma ChE is regenerated by the liver and that 
the restoration of red blood cell ChE reflects 
the rate of replacement of red blood cells. 

Effect of repeated exposure on plasma and red blood 
cell ChE activity: Repeated exposure at intervals 
of hours or days results in progressive depression 
of ChE activity. (Fig. 5.) The logarithm of the 
fraction of plasma or red blood cell ChE in- 
hibited at any time is proportional to the amount 
of agent absorbed and is independent of the 
level of ChE activity. If the intervals between 
exposures are long enough for some restoration 
of plasma ChE activity to occur, but not of red 
blood cell ChE, the latter is depressed more 
rapidly. If there is insufficient time for the 
restoration of red blood cell ChE activity be- 
tween exposures, the effect on this enzyme is 
almost entirely cumulative and it may be almost 
completely inactivated. Under these circum- 
stances the logarithm of the decrease in red 
blood cell ChE activity at any time is propor- 
tional to the total amount of “nerve gas” that 
has been absorbed up to that time. 
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Relation of the effects of ‘‘nerve gas” to the plasma 
and red blood cell ChE activity: Following exposure 
to “nerve gas’ the plasma and red blood cell 
ChE activity may be depressed considerably 
below normal before the appearance of signs or 


100 = 


Following repeated exposure to “nerve gas” 
there is no predictable correlation between the 
onset of symptoms and the precise level of ChE 
activity of the plasma or red blood cells. The 
ChE activity of the red blood cells may be 
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DAYS AFTER LAST ADMINISTRATION OF "NERVE GAS" 
Fic. 4. Rate of restoration of ChE activity (plasma e—— -—e, and red blood cell O—— —) after cessation 
of ‘‘nerve gas” administration. Average values obtained in ten normal subjects are recorded. 


symptoms. The level of ChE activity at which 
symptoms begin after a single exposure varies 
with the route of absorption and is highest when 
absorption is rapid. Following a single intra- 
vascular (intra-arterial) injection systemic symp- 
toms may begin when the plasma and red blood 
cell ChE are at approximately 60 and 50 per 
cent of initial activity; following oral exposure, 
at 35 and 25 per cent; and following percutane- 
ous exposure, at 15 and 10 per cent. The cor- 
responding depression of tissue ChE activity is 
not known. Brain and muscle ChE enzymes of 
man have the same sensitivity to inhibition by 
‘nerve gas” in vitro as red blood cell ChE. It is 
possible that the tissue ChE activity may ap- 
proximate that of the red blood cells after a 
single intravascular injection but may be in- 
hibited to a lesser degree when “‘nerve gas’’ is 
absorbed more slowly, allowing more protracted 
“buffering” action by plasma and red blood cell 
ChE. It also appears likely that the rate of 
inactivation of tissue ChE enzymes may in- 
fluence the level of tissue ChE activity at which 
symptoms begin. 


gradually depressed to near zero by repeated 
exposure over a period of several days without 
systemic symptoms necessarily ensuing, or with- 
out any relation to the severity of symptoms 
that occur. The red blood cell ChE remains at 
a low level of activity long after the disappear- 
ance of symptoms, indicating that the ChE 
activity of the tissues is restored more rapidly 
than that of the red blood cells, although the rate 
of restoration is not known. It is probable that 
this restoration occurs over a period of several 
days, since symptoms of “‘nerve gas’ poisoning 
may last as long as six days and electroen- 
cephalographic changes eighteen days, and 
since there is increased susceptibility to a subse- 
quent exposure for one or more days after the 
cessation of symptoms. 

The restoration of plasma ChE activity may 
be increased by the intravenous administration 
of plasma or whole blood, and red blood cell 
ChE activity by whole blood, but this does not 
affect the symptoms of “‘nerve gas” intoxication 
or appreciably reduce the susceptibility to 
further exposure. The administration of plasma 
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or blood probably has no effect on the ChE 
activity of the tissues. While an increase in 
plasma and red blood cell ChE activity may, to 
some extent, act as a “‘buffer’’ against subsequent 
exposure to “‘nerve gas,”’ this appears to be much 


100 


CHOLINESTERASE ACTIVITY (°% OF CONTROL) 
ro) 


lethal amounts of parathion, ® indicate that these 
compounds exert their effects by depressing the 
ChE activity of the tissues below a threshold at 
which changes in function begin. ‘“‘Nerve gas” 
appears to act in the same way. It is very likely 
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TIME (HOURS) 
Fic. 5. Lower graph: Effect of the repeated oral administration of “‘nerve gas” on ChE activity : 
(plasma @—— —®, and red blood cell 0———) of two normal subjects (W. T. and O. L.) Each 4 


arrow represents the oral administration of a solution of “nerve gas.” Upper graph: Same as lower 


graph, except that ChE activity is plotted on logarithmic scale. 


less important than the degree of depression of 
tissue ChE enzymes at the time of the exposure. 


RELATION OF THE EFFECTS OF ‘“‘NERVE GAS’’ TO 
THE CHOLINESTERASE ACTIVITY 
OF THE TISSUES 


Observations following the administration of 
DFP and TEPP to patients with myasthenia 
gravis,? and following accidental exposure to 
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that any of these antiChE compounds may 
reduce the ChE activity of the tissues consider- 
ably without the appearance of any warning 
systemic symptoms, while a further reduction 
below the level compatible with normal function 
may result in the appearance of symptoms, and 
a greater reduction in death. The difference be- 
tween the doses of these compounds that pro- 
duce systemic symptoms and the doses that 
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would probably be lethal is not very great, 
suggesting that there is not a wide range be- 
tween the threshold of tissue ChE activity at 
which symptoms begin and the level below 
which fatal functional alterations occur. 

The onset and severity of symptoms due to 
‘“‘nerve gas’ appear to be related not only to the 
degree of inhibition of tissue ChE enzymes but 
also to the rates of inhibition, irreversible in- 
activation and restoration of these enzymes, and 
to the rate of removal of “‘nerve gas’ by the 
body. The removal of ‘‘nerve gas” appears to 
be by combination with ChE enzymes in the 
blood and tissues and with other proteins, and 
by hydrolysis, which is catalyzed in various 
tissues, especially the liver. Little is known of 
other means of detoxification of this compound, 
or of its excretion, but these do not appear to 
play an important part in the removal of “‘nerve 
gas” from the body. If it is assumed that red 
blood cell, muscle and brain cholinesterases are 
equally sensitive to inhibition by “‘nerve gas” in 
vivo after intravascular injection, as they are in 
vitro, the sites and degree of uptake of “‘nerve 
gas’ in the body can be computed from the ob- 
served depression of plasma and red blood cell 
ChE activity. Such computation suggests that 
almost all of intravascularly administered “nerve 
gas’ can be accounted for by its reaction with 
ChE enzymes and adjacent proteins, approxi- 
mately three-fourths reacting with voluntary 
muscle, one-fifth with plasma and red blood 
cells, and the remainder with brain, spinal cord, 
liver and other tissues. 


OTHER EFFECTS OF ‘“‘NERVE GAS’’ 


Exposure to “‘nerve gas” produces no known 
effects other than inhibition of ChE enzymes 
of the blood and tissues, and signs and symptoms 
attributable to the latter. There is no other 
alteration of the chemical constituents of the 
blood, no alteration of the formed elements of 
the blood and no change in the urine or in renal 
or hepatic function. Recovery from moderate 
intoxication due to “nerve gas” has always been 
complete. When recovery from very severe in- 
toxication due to parathion has occurred, it has 
also been complete,® but it is likely that there 
may be residual effects if convulsions or anoxia 
are sufficiently prolonged. 


PREVENTION OF ‘‘NERVE GAS’? POISONING 


Since “nerve gas’”’ may be absorbed by any 
route, numerous precautions must be taken to 


prevent or reduce the degree of absorption in 
the event of a gas attack or of accidental ex- 
posure. Because of the progressive and cumu- 
lative effects of this compound the prevention 
of further absorption is particularly urgent once 
symptoms have begun. 

(1) In case of exposure to vapor or aerosol of 
“nerve gas,” gas masks which provide oronasal 
and ocular protection should be put on at once 
and worn as long as chemical test procedures 
indicate the presence of ‘‘nerve gas” in the air. 
Casualties should have masks applied and 
properly adjusted. Wind dispersal to unprotected 
subjects should be anticipated. 

(2) In case of cutaneous exposure to liquid 
“nerve gas” splash the skin should be washed 
immediately with copious quantities of water. 
If the skin is dirty or oily, soap and water should 
be used. If water is not available, the liquid 


“nerve gas” should be gently blotted away. The~ 


skin should not be rubbed or abraded, as this 
will increase absorption. Breaks in the skin 
should be covered with adhesive tape before 
anticipated exposure, as more rapid absorption 
occurs through broken skin. Liquid “nerve gas” 
penetrates rapidly through clothing and slowly 
through rubber gloves and aprons. Contami- 
nated clothing should be removed at once and 
rubber gloves and aprons, even though of heavy 
material, should be changed after several hours 
of exposure to the liquid agent. 

(3) In case of conjunctival exposure to liquid 
splash the conjunctivae should be immediately 
irrigated with copious quantities of water or 
isotonic saline. 

(4) In case of ingestion of food or water con- 
taminated with “nerve gas” gastric lavage should 
be carried out as soon as possible. Water and 
food supplies which are suspected of recent 
contamination should be examined for “‘nerve 
gas’ prior to consumption. Water supplies 
should be decontaminated if necessary. Con- 
taminated food should be discarded or the 
outer layers removed and the residue examined 
prior to use. 

(5) Material contaminated with liquid “‘nerve 
gas” should be thoroughly washed with as con- 
centrated a solution of alkali as is practicable, or 
else buried or burned. 

(6) Aid stations for the observation and treat- 
ment of casualties should be established upwind 
from any contaminated area. Contaminated 
clothing should be removed by personnel wear- 
ing heavy rubber gloves and aprons, gas masks 
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and, if possible, protective coveralls, before 
casualties are received in the aid station. Mem- 
bers of decontaminating squads should also 
wear rubber boots and protective hoods. 

(7) Subjects who are suspected of having ab- 
sorbed toxic amounts of “‘nerve gas” should be 
removed from further exposure and observed 
for several hours. If the degree of absorption is 
believed to have been such as to endanger life, 
atropine may be administered before symptoms 
begin, in doses of 2 mg. orally or intramuscu- 
larly, repeated at intervals of one to four hours 
in an effort to maintain a mild degree of 
atropinization. This should be followed by 
observation for at least twenty-four hours, since 
the onset of symptoms may be delayed by 
atropine. Atropine should not be administered 
for preventive purposes prior to contemplated 
exposure to “‘nerve gas,’ as this may increase 
respiratory absorption of ‘“‘nerve gas” by in- 
hibiting bronchoconstriction and_ bronchial 
secretion. 

(8) Systemic absorption of ‘‘nerve gas” may 
be detected by symptoms, if these ensue, or by 
depression of plasma and red blood cell ChE 
activity, which can be determined by a simple 
chemical procedure.!® Plasma ChE activity 
may be reduced by the absorption of antiChE 
compounds or by many acute or chronic ill- 
nesses, particularly those affecting hepatic 
function, while red blood cell ChE may be re- 
duced only by antiChE compounds or by 
relatively uncommon blood dyscrasias, such as 
pernicious anemia or leukemia.* Subjects who 
have absorbed “‘nerve gas” should, if possible, 
avoid subsequent exposure until the plasma 
and red blood cell cholinesterases have returned 
to near normal activity. This will usually require 
several weeks. 


TREATMENT OF SYMPTOMS DUE TO ‘“‘NERVE GAS”’ 


The following recommendations for treatment 
of ‘nerve gas”’ poisoning are based largely upon 
experience acquired in the management of 
moderate symptoms due to “‘nerve gas,” and of 
severe intoxication following administration of 
TEPP?® or accidental exposure to parathion.® 

Treatment relies chiefly on atropine which has 
a moderate inhibitory effect on the muscarine- 
like manifestations, a mild to moderate effect on 
the central nervous system manifestations, in- 
cluding the electroencephalographic changes 
(Figure 2), and no influence on the nicotine-like 
manifestations at the neuromuscular junction. 
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Patients who have symptoms due to systemic 
absorption of “nerve gas” have increased toler- 
ance for atropine so that fairly large doses may 
be administered before signs of atropinization 
appear. The absence of increased tolerance for 
atropine would indicate that “nerve gas’’ in- 
toxication is probably either not present or is 
mild. 

Mild or moderate symptoms due to ‘“‘nerve 
gas” are treated by the intramuscular adminis- 
tration of 2 mg. of atropine sulfate or tartrate. 
The effects of intramuscular atropine begin 
about twenty minutes after injection and are 
maximal forty minutes after injection. If the 
muscarine-like symptoms of “‘nerve gas” are not 
relieved, and if signs of atropinization (dry 
mouth and skin) do not appear, the injection 
of atropine should be repeated at thirty-minute 
intervals until this occurs. A mild degree of 
atropinization should then be maintained for at 
least twenty-four hours by the oral or intra- 
muscular administration of 1 or 2 mg. of 
atropine at intervals of one to four hours. 
Smoking should be avoided until the symptoms 
of “‘nerve gas” intoxication have subsided. 

Severe symptoms should be treated by the 
intravenous administration of 2 to 4 mg. of 
atropine. The effects of intravenous atropine 
begin one to four minutes after injection and 
are maximal within eight minutes after injection. 
If the muscarine-like symptoms are not relieved, 
and if signs of atropinization do not appear, the 
intravenous injection of atropine in doses of 
2 mg. should be repeated at five- to ten-minute 
intervals until this occurs. A mild degree of 
atropinization should then be maintained for at 
least forty-eight hours. 

Ocular symptoms produced by the local ab- 
sorption of “nerve gas” do not respond to the 
systemic administration of atropine but are 
relieved by the local instillation of 2 per cent 
homatropine, repeated as needed at intervals of 
several hours for one to three days. Severe 
symptoms may require the local instillation of 
0.5 or 1 per cent atropine. If local ocular effects 
of “nerve gas” are present, the size of the pupil 
cannot be used as an indicator of the systemic 
effects of ‘‘nerve gas”’ or of atropine. 

Respiratory depression due to “nerve gas”’ 
requires prompt artificial respiration. This is 
best performed by means of a portable bellows- 
type resuscitator, equipped with gas mask 
canister, but if this is not available manual 
artificial respiration should be instituted. The 
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Holger-Nielson method is the most efficient 
manual procedure. The subject, wearing a 
properly adjusted gas mask, lies prone with the 
head turned to one side, the neck hyperextended 
and the hands under the head. Inspiration is 
aided by raising the elbows upward and for- 
ward, and expiration by releasing the arms and 
applying pressure to the thorax near the lower 
border of the scapulas. These movements are 
repeated from ten to twelve times a minute. If 
atropine administration was not instituted prior 
to the onset of respiratory depression, this should 
be started simultaneously with artificial respira- 
tion. Oxygen should be given, if available, and 
oropheryngeal suction and airway employed, 
if necessary. In the most severe intoxication 
artificial respiration may have to be maintained 
for hours. 

If convulsions are prolonged, interfere with 
respiration and are not relieved by intravenous 
atropine, the careful administration of tri- 
methadione (tridione), a barbiturate, or ether 
for their amelioration may be of value. Tri- 
methadione may be given intravenously or 
intramuscularly, in doses of 1 gm., repeated if 
necessary. It has less depressant effect on 
respiration than the barbiturates. Morphine 
should not be administered. 


SYMPTOMS DUE TO ATROPINE 


The administration of a single dose of 2 mg. 
of atropine by any route to a subject who has 
absorbed little or no ‘“‘nerve gas” produces mild 
symptoms, including dryness of the mouth and 
pharynx, with slight difficulty in swallowing, 
subjective warmth, slight tachycardia, some 
hesitancy of urination, and occasional desire 
to eructate. The pupils may be dilated but they 
react to light. In some subjects there may be 
mild drowsiness, slowness of memory and recall, 
subjective slowing of motor activity and blurring 
of near vision, particularly after intravenous ad- 
ministration of atropine. These symptoms should 
not interfere with ordinary activity. More severe 
symptoms are likely to occur if atropine is ad- 
ministered repeatedly to a subject who has 
absorbed little or no “‘nerve gas” or following 
overtreatment of a subject with mild symptoms. 
In the presence of severe anticholinesterase 
poisoning as much as 24 mg. of atropine may 
be administered in a day without producing 
symptoms attributable to atropine. 

Overatropinization is recognized by the 
development of very dry mouth, thirst, hoarse- 


ness, dry flushed skin, dilated pupils, blurring 
of near vision, tachycardia (up to 140 per 
minute), urinary retention, constipation, slow- 
ing of mental and physical activity, restlessness, 
headache, disorientation, hallucinations, mania- 
cal behavior and increasing drowsiness. Ab- 
normal behavior may require restraint and, 
rarely, sedation. Overatropinization may be in- 
capacitating but presents little danger to life. 
A single dose of as much as 10 mg. of atropine 
has been inadvertently administered intra- 
venously to normal adults without endangering 
life, even in the absence of any prior absorption 
of “nerve gas,” although it has, of course, 
produced very marked signs of overdose. 


SUMMARY 


The mechanism of action, effects, prevention 
and treatment of “nerve gas” poisoning are in 
general similar to those of the more familiar or- 
ganic phosphate anticholinesterase compounds, 
such as DFP, TEPP and parathion. ‘‘Nerve 
gas”’ may be absorbed by any route. It produces 
local ocular and respiratory effects, and systemic 
effects, attributable to inhibition of cholinester- 
ase enzymes in the smooth muscle of the eyes 
and respiratory and gastrointestinal tracts, and 
in the secretory glands, voluntary muscle and 
central nervous system. These effects are pro- 
longed and cumulative. ‘‘Nerve gas” also pro- 
duces concomitant inhibition of cholinesterase 
enzymes of the plasma and red blood cells, 
which rapidly becomes irreversible, following 
which enzyme activity is restored at rates com- 
patible with regeneration of enzyme. Prevention 
of “nerve gas” poisoning following exposure 
relies upon the gas mask, protective clothing, 
the removal of cutaneous or conjunctival splash 
by means of water, and gastric lavage if neces- 
sary. Treatment is by the parenteral adminis- 
tration of atropine (to which there is increased 
tolerance), in repeated doses sufficient to main- 
tain a mild degree of atropinization, by artificial 
respiration and oxygen if needed, and by the 
injection of trimethadione if convulsions inter- 
fere with respiration and are not relieved by 
atropine. 


Acknowledgment. The observations that have 
been summarized on the effects of oral, per- 
cutaneous, intravascular and conjunctival ex- 
posure to “nerve gas,” on alterations in ChE 
activity and on treatment with atropine were 
carried out under a contract between the 
Chemical Corps, U. S. Army, and the Johns 
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Hopkins University. The observations on the 
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Studies on inhalation of ‘“‘nerve gas’’ will be 
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Miss Barbara Ziegler, Miss Grace Saltzer and 
Mr. George I. Johnston rendered valuable tech- 
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Seminars on Blood Coagulation 


Mechanism of Blood Coagulation in 


Normal and Pathologic Conditions’ 


Mario STEFANINI, M.D. 


Boston, Massachusetts 


HE role of vascular factors in physiologic 
hemostasis and in .the pathogenesis of 
hemorrhagic diseases has been discussed 
in recent publications.'~* The present review 
will therefore, be limited to the blood coagula- 
tion phase of the hemostatic process. (Fig. 1.) 


coagulation. (Fig. 1.) They supply agents active 
in every phase of the clotting process: (1) platelet 
thromboplastic factor, which is indispensable for 
the activation of thromboplastin from an in- 
active plasma precursor (plasma thromboplastic 
factor or thromboplastinogen); (2) platelet 


(A) TEMPORARY HEMOSTASIS 1. Reflex, temporary, localized vasoconstriction 


2. Agglutination of platelets 


3. Retraction of the clot 


(a) prolonged, generalized vasoconstriction 


formation of thrombin 


(b) coagulation of blood (activation of thromboplastin 
of fibrin 


(B) PERMANENT HEMOSTASIS 4. "Organization" of the clot 


Fic. 1. Phases of hemostasis in man following vascular injury. The scheme emphasizes the promi- 
nent role of platelets in the process of hemostasis. Platelets (2) supply a vasoconstricting agent 
(? serotonin); (4) initiate the process of blood coagulation by supplying an agent indispensable for 
the activation of thromboplastin; (c) determine the retraction of the clot. 


In this field there is a crying need for a unified 
terminology and a critical evaluation of all 
theories in the light of established facts. A dis- 
cussion of this controversial subject may be use- 
ful to the clinician who wishes to find in the 
prevailing physiologic concepts guidance for the 
diagnosis and management of the bleeding 
patient. 


INDIVIDUAL FACTORS WHICH TAKE PART IN THE 
PROCESS OF BLOOD COAGULATION 


Factors which play a recognized role in the 
process of blood coagulation have been found 
in platelets, plasma and serum. (Table 1.) The 
properties of many of these factors and their 
mechanisms of action have been fairly well 
characterized. 

Platelets have assumed an increasingly signifi- 
cant role in the process of hemostasis and blood 


factor 1, which accelerates the conversion of 
prothrombin to thrombin, and is probably 
closely related to the ‘serum accelerator’; 
(3) platelet factor 2, which accelerates the 


thrombin 
fibrinogen ————— fibrin reaction; 


(4) platelet factor 3 opposes the activity of heparin. 
It is likely that platelet thromboplastic factor 
and platelet factor 3 are in effect the same 
agent.‘ Increased heparin-like activity has been 
found in the plasma of patients with thrombo- 
cytopenia. Results obtained by means of 
heparin-protamine titration curves’ have been 
interpreted as indicating an increase of heparin 
in the circulating plasma, but may be attributed 
only to the delay in coagulation due to lack of 
platelets and, possibly, deficiency of platelet 
factor 3. The properties of the various platelet 


* From the Ziskind Laboratories (Hematology Section) of the Joseph H. Pratt and New England Center Hospitals, 
and the Department of Medicine, Tufts College Medical School, Boston, Mass. 

t Established Investigator, American Heart Association. The original work quoted in this review was performed 
during the tenure of a Damon Runyon Senior Clinical Research Fellowship, administered by the American Cancer 


Society, New York. 
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factors, together with technics for crude isola- 
tion, are presented in Table m and Figure 2. 
Platelets also supply additional factors of no 
less importance in the process of hemostasis. 
Intact platelets are needed for clot retraction; 
this might be dependent upon the activity of a 


TABLE I 
WHERE THE VARIOUS COAGULATION FACTORS ARE FOUND 
a) Platelets 
1. Platelet thromboplastic factor 
2. Platelet accelerator 1 (factor 1) 
3. Platelet accelerator 2 (factor 2) 
4, Platelet factor 3 (anti-heparin factor) 
(b) Plasma 
Factors favoring the coagulation of blood: 
1, Plasma thromboplastic factor (thromboplastino- 
gen, antihemophilic globulin) 
. Plasma thromboplastic component (PTC) 
. Prothrombin 
. Calcium 
. “Labile component” (labile factor, proaccelerin, 
plasma Ac-globulin) 
6. ‘Stable component” (proconvertin, factor VII) 
7, Fibrinogen 
Factors opposing blood coagulation or taking part 
in the destruction of the formed clot: 
8. Antithromboplastin 
9, Antithrombin 
10. Albumin X (heparin co-factor) 
11, Profibrinolysin 
12, Antifibrinolysin 
13. Antifibrinolysokinase (fibrinokinase inhibitor) 
(c) Serum 
1. All factors found in plasma (with the exception 
of fibrinogen), in concentrations directly related 
to their utilization during the process of blood 
coagulation 
2. “Serum accelerator’ (accelerin, serum Ac- 
globulin) 
3. ‘Stable component” (convertin, SPCA: a more 
active form than in plasma ?) 
4. Thrombin and metathrombin 


& 


specific platelet component found in_ the 
hyalomere.® Agglutination and lysis of platelets 
which follow discontinuity of the vascular wall 
and a lesion of the intima cause release of a 
powerful vasoconstrictor (serotonin?). Bleeding 
time and probably capillary fragility appear 
related to platelet function. The importance of 
platelets in the process of hemostasis is indicated 
by the complex defect observed in thrombo- 
cytopenia, in which increased capillary fragility, 
prolonged bleeding time, delayed one-stage pro- 
thrombin time of plasma (due to deficiency of 
platelet factors 7 and 2), reduced utilization of 
prothrombin during clotting (deficiency of 
platelet thromboplastic factor), increased sensi- 
tivity to heparin in vitro and in vivo (deficiency 
of platelet factor 3) are found. The multiple 
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functions of platelets in the hemostatic process 
are therefore possibly due to independent 
chemical constituents. This is suggested not only 
by the biochemical studies cited but also by 
observations conducted in patients with “‘throm- 
bocytoasthenia,” a bleeding tendency in which 


TABLE II 
CHARACTERIZATION OF SOME OF THE PLATELET 
FACTORS*%8,99 
Platelet factor 1:* 
(1) accelerates the conversion of prothrombin to 
thrombin 
(2) water-soluble; precipitated from solution by 50% 
saturation with (NH4)2SO, 
(3) sediments following centrifugation at 32,000 r.p.m. 
for 30 min. 
(4) heat labile (53°c.) 
(5) non-absorbed on Ca3(POx)2 gel or BaSO; 
Platelet factor 2: 
(1) accelerates the 
thrombin 
fibrinogen ——————> fibrin reaction 


(2) water-soluble; does not precipitate from solution 
following centrifugation at 32,000 r.p.m. for 
30 min. 
(3) heat stable 
(4) absorbed on Ca;(POx,)2 gel and BaSQ,; can be 
eluted from them with sodium citrate 
Platelet factor 
(1) opposes the activity of heparin in the blood 
coagulation process 
(2) water-insoluble, suspendable in saline solution 
(3) relatively heat stable 
(4) non-absorbed on Ca3(PO,)2 gel or BaSO, 
Platelet thromboplastic factor: 
(1) interreacts with one or more plasma components 
to form active thromboplastin 
(2) found mostly in platelets but also in other formed 
elements of the blood 
(3) water-insoluble, partly soluble in citrate-phos- 
phate buffer solution 
(4) heat stable (relatively, at 56°c.) 
(5) precipitates following centrifugation at 32,000 
r.p.m. for 30 min. 
(6) high phospholipid content; similar in chemical 
structure to placental thromboplastin 
* Many of the properties of this factor are shared by 
the ‘serum accelerator.”” The relationship of the two 
agents is a very close one. 
ft Platelet factor 3 and platelet thromboplastic factor 
are very similar in properties and are probably identical 
agents. 


the number of platelets is normal although they 
appear abnormal in size, appearance and stain- 
ing properties of the chromomere and hyalo- 
mere. In these patients one or more of the 
hemostatic functions may be abnormal (Table 
11), the most common occurrences being im- 
paired clot retraction, defective utilization of 
prothrombin during clotting or prolonged 
bleeding time, singly or combined. These 
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defects are corrected by the addition of normal 
platelets in in’ vitro tests or, in vivo, by the ad- 
ministration of normal viable platelets.’ 

Plasma supplies a number of fairly well 
characterized factors. (Table 1.) Plasma thrombo- 
plastic factor (thromboplastinogen, antihemo- 


diluted plasma by saturation with CO, and 
from whole plasma by 33 per cent saturation 
with (NH4)2SO,. It disappears almost com- 
pletely during the process of blood coagulation. 
Platelets, a foreign surface and possibly calcium 
are required for its utilization. It is very labile 


LYSED PLATELETS 
water soluble fraction water insoluble fraction 
absorption on Ca,(PO4)o gel suspension In saline 
supernatant absorbate PLATELET FACTOR 3 
| and 
centrifugation at elution with sodium 


32,000 rpm/30 min. 


cltrate 0.2 M; eluate 


PLATELET THROMBOPLASTIC FACTOR* 


dialysed against tap 
water for 24 hr. 


PLATELET FACTOR 1 


PLATELET FACTOR 2 


Fic. 2. Crude separation of the platelet factors taking part in the process of blood coagulation. 


* No practical method of separation of the two water- 
insoluble factors is available at present. 


philic globulin) is a protein which is apparently 
required, in addition to the platelet thrombo- 
plastic factor and possibly another plasma com- 
ponent, for the activation of thromboplastin. 
Deficiency of this factor is characteristic of hemo- 


TABLE II 
THROMBOCYTOASTHENIAS: HEMORRHAGIC DIATHESES DUE 
TO DEFICIENCIES OF ONE OR MORE OF THE PLATELET 
FACTORS (A GROUP OF RECENTLY STUDIED CASES) * 


Prothrombin 
Age Platelets | Bleeding Activity Clot 
ona (x 103) Time Retrac- 
Se (per cu. (Ivy) tion 
mm.) (min.) Plasma | Serum (%) 
(%) (%) 
E. K. 16,M 567.0 35 95 90 3i 
R. D. 6,F| 436.8 3 90 17 “4 
G. J. 47,F} 549.1 644 85 92 34 
R. M. 4,F} 501.0 22 80 15 39 
E. K. 29,F| 497.3 4 30t 6 32 


* Definitely abnormal findings are in italics. 

+ Non-corrected by administration of vitamin K and vitamin K1. 

The hemostatic defect of case E. K. could be considered due to 
deficiency of “platelet thromboplastic factor” and of a hypothetical 
factor controlling the bleeding time (“vascular factor’’); that of case 
R. D. to single deficiency of ‘“‘retractoenzyme,” hypothetical factor 
responsible for clot retraction; that of case G. J. to a single deficiency 
of “‘platelet thromboplastic factor”; that of case R. M. to deficiency of 
“vascular factor”; that of case E. K. to deficiency of platelet accelerators 
1 and 2. 


philia. This globulin is found in Cohn’s plasma 
fraction I; it is precipitated quantitatively from 


on storage, since at least 50 per cent of the 


activity of the protein disappears in twelve 
hours at 37°c., and in five weeks at 5°c. from 
citrated plasma. It is stable for at least six 
months in frozen or lyophilized plasma. For 
this reason hemophiliacs in whom control of 
bleeding is desired should be given recently 
frozen or lyophilized plasma or, even more 
effectively, fresh plasma collected within three 
hours. Plasma thromboplastic factor is stable 
at 56°c.; it is not precipitated at 32,000 r.p.m. 
/30 minutes; it is not retained by Seitz filters 
and is not absorbed on Ca3(POx,):2 gel or BaSOu. 
Interestingly enough, this protein probably 
represents the globulin factor (coagulase-globu- 
lin) which, reacting with staphylo-coagulase, 
produces coagulase-thrombin, an agent capable 
of coagulating plasma or purified fibrinogen.® 
Plasma thromboplastic component (PTC) is a 
recently postulated factor which remains to be 
more carefully investigated. Deficiency of this 
factor is typical of a hemophilia-like condition 
in which, as in true hemophilia, the utilization 
of prothrombin during clotting is greatly im- 
paired. The coagulation defect of PTC defi- 
ciency is promptly corrected by the addition of 
hemophilic plasma, but not of normal platelets, 
to the patient’s plasma.*:!° Prothrombin con- 
sumption, as determined with the available 
technics, is significantly reduced when the 
activation of thromboplastin is impaired, as in 
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hemophilia (deficiency of plasma thrombo- 
plastic factor) or in thrombocytopenia (defi- 
ciency of platelet thromboplastic. factor). It 
should be concluded then, that PTC is re- 
quired, in addition to the other two factors, for 
the activation of thromboplastin in physiologic 
conditions. This factor is found in the serum 
euglobulin and pseudoglobulin fractions, is 
precipitated at 40 to 50 per cent saturation with 


(NH4)2SO, (plasma thromboplastic component . 


or antihemophilic globulin is precipitated at 
33 per cent saturation), and is active over a wide 
range of pH (from 4 to 11.2). It is heat- and 
storage-stable, is removed by Seitz filters and 
absorbed on Ca;(PO,4)2 gel and BaSO, from 
which it can be eluted with sodium citrate. This 
last property is utilized in the partial purifica- 
tion of PTC. Platelet-poor oxalated plasma 
heated at 56°c. for five minutes (to coagulate 
fibrinogen) is cooled in ice. Fibrinogen is re- 
moved by centrifugation and the plasma ab- 
sorbed with 50 mg. of BaSO, per ml. After 
centrifugation the precipitate is washed with 
0.02 M acetate buffer and is again separated by 
centrifugation at 3,000 per 30 minutes. Finally, 
PTC is eluted with 5 per cent sodium citrate in 
0.9 NaCl, the solution is dialyzed against 0.9 per 
cent NaCl solution at 4°c. for twenty-four hours 
and lyophilized.'’® It is obvious that the new 
factor shares many properties of the “stable 
component” and it is known that the latter 
partly corrects the impaired prothrombin con- 
sumption of hemophilic blood.’ More detailed 
study will be required before the existence of 
this agent is fully established. 

Prothrombin, a sulfur containing glycoprotein, 
is the key substance in the process of thrombin 
formation. It is recovered in Cohn’s fraction 
III-2 and its electrophoretic mobility is that of 
a; globulin. It is water soluble and relatively 
heat stable since inactivation begins at 40°c. 
and is complete at 60°c. in purified prepara- 
tions. In plasma, prothrombin will resist tem- 
peratures of 56°c. for five minutes. Its isoelectric 
point is at pH 4.2. The globulin contains ap- 
proximately 14 per cent N, 4.6 per cent tyro- 
sine, 3.3 per cent tryptophane, 0.96 per cent 
sulfur, 4.3 per cent sugar, etc. Prothrombin is 
very stable in plasma frozen or lyophilized 
shortly after collection; at 5°c., in citrated 
plasma, its activity remains constant for at 
least twenty-one days. It is retained by Seitz 
filters and absorbed on Ca;(POu.): gel and 
BaSO, from oxalated, but not from citrated 
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plasma. From the gel it can be eluted with 
sodium citrate solution. 

Prothrombinogen, an inactive precursor of pro- 
thrombin,!”!* tends to yield active prothrombin 
during storage. Foreign surfaces (but not plate- 
lets or calcium) are necessary for activation. 
Prothrombinogen is depressed during dicu- 
marol® administration, is normal in hemophilia. 
It is deficient in one type of hemorrhagic diathe- 
sis characterized by prolonged one-stage pro- 
thrombin time but in which prothrombin itself 
and labile component are normal in activity. 
Prothrombinogen can be absorbed from oxalated 
plasma on Ca;(POx)2 gel or BaSO, and subse- 
quently eluted with sodium citrate. From the 
description of its properties, prothrombinogen 
is very closely related to the “stable component.” 
Its mechanism of activation, however, would 
appear to distinguish this agent from all others. 

Calcium probably takes part in all phases of 
the coagulation process although its major role 
is in the conversion of prothrombin to thrombin. 
This step may require preliminary binding of 
calcium to the labile component.!* When blood 
is collected using sodium citrate as anticoagu- 
lant, as well as by ion-exchange resins, 
thereby incompletely removing calcium, the 
destruction of the labile component on storage 
is greatly decreased.'® 

**Labile component’’ (proaccelerin, labile factor, 
plasma Ac-globulin) is an agent which either 
accelerates or is indispensable to the conversion 
of prothrombin to thrombin. This agent is a 
water-soluble globulin, promptly inactivated 
by heat (58°c.), trypsin and fibrinolysin. Its 
activity is unmodified over a wide range of pH 
(4 to 10.5). Especially in the absence of calcium, 
this agent is extremely labile on storage (hence 
its name). In citrated plasma, however, it is 
stable for at least one week at 5°c.; and at least 
50 per cent and 30 per cent activity is still 
present after two and three weeks of storage, 
respectively. This factor is only minimally 
absorbable on Ca;(PO.)2 gel or BaSOu, is 
filtered through Seitz and 40 to 50 per cent 
asbestos filters. It is precipitated from diluted 
plasma by 10 per cent ether in the cold, by acid 
at pH 5.4 and by 45 per cent saturation with 
ammonium sulfate. The concentration of the 
labile component is not affected appreciably by 
dicumarol.'® (Table tv.) 

In the presence of small amounts of thrombin, 
or during the process of blood coagulation, 
‘‘serum accelerator’’ (accelerin, serum Ac-globulin) 
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develops from the labile component. Like the 
latter, serum accelerator reduces the clotting 
and prothrombin time of aged plasma, and 
greatly accelerates the conversion of prothrombin 
to thrombin. It is extremely labile in storage, 
disappearing as soon as thirty minutes after the 


tivity is normal in hemophilia but it is promptly 
affected by dicumarol therapy. This agent is 
relatively heat stable (56°c. for thirty minutes), 
stable on storage of plasma and serum (it 
represents the only coagulation factor left in 
normal human serum stored for ten days at 


TABLE IV 


CHARACTERISTIC DIFFERENTIAL PROPERTIES OF “STABLE”? AND “‘LABILE”? COMPONENT * 


Stable Component 


Labile Component 


Where found 


Plasma and serum (possibly in more 
active form in the serum) 


In plasma; after activation by thrombin, 
“serum accelerator,” a derivative of 


Coagulability of aged plasma on | Unaffected 
addition of each component 

Heat stability 

Stability on storage 

and serum 


Absorption on Ca;(PO,)2 gel, | Absorbed specifically (also on 30% 
asbestos filters); can be, like prothrom- 
bin, specifically eluted from these gels 
and filters with sodium citrate 

Probably not utilized or only little uti- | Activated to “serum accelerator” by 


BaSO, and Seitz filters 


Fate during coagulation of blood 
lized 


Resistant at 56°c. for 30 minutes 
Very stable during storage of plasma | Very labile on storage, especially in the 


the labile component, is found in the 
serum 
Restored to normal 


Inactivated immediately at 58°c. 


absence of calcium 
Minimally or not absorbed 


thrombin; the concentration of this 
component remaining in the serum and 
non-converted to serum accelerator is 
related to the extent of the conversion 
of prothrombin to thrombin 


Effect of dicumarol therapy and | Prompt reduction in activity induced by | None or very slight 


vitamin K deficiency on the ac- 
tivity of each agent 


prothrombin 


dicumarol therapy and vitamin K 
deficiency, response to vitamin K in 
both conditions comparable to that of 


* The designations of “‘stable’”’ and “labile ’ component used throughout this review have not been chosen with 
the intention of recommending their adoption but because they have been useful in the understanding of the subject 
and they underline one of the most significant differential properties of the two agents. 


clotting of blood. It is only minimally absorbed 
on Ca3(PO,4)> gel. 

component” (proconvertin, plasma pre- 
cursor — serum prothrombin conversion ac- 
celerator: SPCA, factor VII) is also postulated 
to accelerate the rate of conversion of prothrom- 
bin to thrombin. This agent, however, does not 
shorten the clotting or prothrombin time of 
aged plasma. No definite evidence is available 
that this agent is utilized to any appreciable 
extent in the process of blood coagulation. Con- 
sequently, it is found in approximately identical 
concentration in serum and plasma.* Its ac- 


* Some however, believe that the 
stable component is converted to a more active agent 
during the process of blood coagulation (proconvertin 
— convertin; plasma precursor — SPCA). 


5°c.), and it is not dialyzable. Its optimal 
activity is over a more limited range of pH than 
the labile component (4 to 8). It can be ab- 
sorbed, like prothrombin, on Ca;(POx,)2 gel or 
BaSO, and eluted from these with sodium 
citrate. It can be precipitated from the eluate 
by 90 per cent saturation with (NH4)sSOu,. 
Stable component of cow (but not human) 
plasma is retained on 30 per cent asbestos 
filters. (Fig. 3.) It is obvious that the stable com- 
ponent shares many properties of prothrombin, 
and the possibility that stable component is a 
prothrombin derivative cannot be excluded. 
There are, however, several findings previously 
summarized which indicate the individuality 
of the two agents, such as the different behavior 
in stored serum. The most significant point in 
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favor of the individuality of prothrombin, 
stable component and labile component is 
probably the discovery of patients in whom the 
bleeding tendency is due to the deficiency of 
one or the other of these factors. Thus deficiency 
of either prothrombin or labile component, 
congenital or acquired, has been recognized 
for some time. At present, cases are being 
studied'*1%.?° of patients with bleeding tendency 
characterized by delayed prothrombin time 
best corrected by addition of purified stable 
component zn vitro and by administration of 
serum in vivo. As previously stated, serum is 
lacking or very poor in prothrombin and labile 
component while rich in stable component. 
Cases of this type probably represent primary 
stable component deficiency. That serum ac- 
celerator and stable component of serum are 
not identical is indicated by two facts: (1) the 
serum accelerator is very labile on storage 
whereas the stable component is not; and (2) 
the extinction coefficient of the two substances 
in the ultraviolet range is definitely different. 
Since much of the confusion existing at present 
has been due to failure to realize the nature and 
activity of labile and stable component, Table 1v 
gives a short outline of the fundamental differ- 
ences between these two components. Figure 3 
presents a scheme of simple procedures for the 
crude separation of prothrombin, stable and 
labile component. These purified preparations 
can be usefully employed as reagents in the 
determination of prothrombin, labile and stable 
component. (Table v.) 

Fibrinogen is a globulin with a molecular 
weight of 400,000, an approximate isoelectric 
point of 5.3, a sedimentation constant (S20, w) of 
9, an intrinsic viscosity of 25 (Ho.10?) and 
approximate dimensions of 700 (length) and 
38 (diameter) A. It is therefore a very asym- 
metrical protein and apparently owes many of 
its properties to this asymmetry. It coagulates 
irreversibly at 56°c.; it is reversibly precipitated 
at 50 per cent saturation with NaCl, 25 per cent 
saturation with (NH4)2SOu, by 8 per cent ethanol 
in the cold and by weak acids. Fibrinogen is pres- 
ent in fraction I-2 of Cohn; lyophilized under 
vacuum, this fraction can be kept indefinitely. 
Another technic of preparation consists in freez- 
ing oxalated plasma at —30°c. and then slowly 
warming the preparation to 5°c. Fibrinogen is 
precipitated, washed repeatedly with cold dis- 
tilled water, finally dissolved in saline solution 
at 37°c. and lyophilized.*! Both methods yield 
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fibrinogen relatively free of fibrinolysin and 
other coagulation factors. Fraction I-2 has been 
used successfully in topical form, and paren- 
terally in the treatment of congenital afibrino- 
genemia and of the severe hypofibrinogenemia 
which follows premature separation of placenta. 


(A) OXALATED HUMAN PLASMA 
absorption on 


absorbate; eluted with sodium 


supernatant 
cltrate 0.2 M 


| 


LABILE COMPONENT* PROTHROMBIN 


+ 
STABLE COMPONENTT 


(Fibrinogen) 
(Antihemophilic globulin) 


(B) NATIVE HUMAN SERUM 
(collected in 1/10 volume of human brain thromboplastin) t 


Storage for 10 days at 5°C.8 


Absorption on Ca3z(PO,4)2 gel 
Elution with sodium citrate 0.2 M 


STABLE COMPONENT 
Fic. 3. Crude separation of the plasma factors 
taking part in the conversion of prothrombin to 
thrombin. 

* The labile component can be specifically precipi- 
tated by acidifying the diluted plasma to pH 5.4. 

1 In cow plasma prothrombin and stable component 
can be easily separated (although with large loss of both 
factors) by filtering the plasma through 30 per cent 
asbestos filter.!7 The stable component is retained on the 
filter, prothrombin passes through. The stable compo- 
nent can then be eluted with sodium citrate from the 
filter pad. 

{To produce complete utilization of prothrombin, 
thus eliminating this agent from the serum. 

§ To cause destruction or inactivation of the labile 
component non-utilized during the process of blood 
coagulation and of the “‘serum accelerator’? developed 
during the clotting of blood. 


In addition to factors favoring the process of 
blood coagulation, plasma contains agents which 
oppose the clotting of blood (antithromboplastin, 
antithrombin, albumin X) and agents which 
may lyse, under certain conditions, the formed 
clot (profibrinolysin, antifibrinolysin, antifibrin- 
olysokinase). All these agents will be discussed 
subsequently. (Table v1.) 

Serum contains, with the exception of 
fibrinogen, all factors found in plasma in con- 
centrations directly related to the extent of their 
utilization during the process of blood coagula- 
tion. Thus very little prothrombin or labile 
component is left in serum after completion of 
clotting under normal conditions. In thrombo-° 
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cytopenia or hemophilia, however, in which 
the activation of thromboplastin and therefore 
the conversion of prothrombin to thrombin is 
impaired, high prothrombin and labile compo- 
nent activity is found in the serum, which also 
exhibits little accelerator activity,”? shortly after 
clotting. The utilization of prothrombin, how- 
ever, is merely delayed by the slow and incom- 
plete activation of thromboplastin; it is not 
completely prevented since it goes to completion 
in six to twenty-four hours. Serum also contains 
the ‘‘serum accelerator,”’ the properties of which 
have already been described and, at least for 
some time after the coagulation of blood, 
thrombin and its reversibly inactivated form, 
metathrombin. 


THE NORMAL MECHANISM OF BLOOD COAGULATION 


Morawitz’s original theory visualized the 
process of coagulation of blood as occurring in 
two successive enzymatic reactions: 


Thromboplastin 

1. Prothrombin > Thrombin 
Catt 
Thrombin 

2. Fibrinogen > Fibrin 


This theory represented a very useful working 
hypothesis for many years until more recent 
developments rendered it obsolete. As a result 
of the work of many investigators it is recog- 
nized today that: (1) activation of thrombo- 
plastin is a separate, preliminary phase in the 


TABLE V 


PRINCIPLES OF THE TECHNICS FOR THE DETERMINATION OF PROTHROMBIN, 
STABLE AND LABILE COMPONENT * 


Factors Kept Factor 
Reagents added ag Determined 
-a. Fresh human oxalated plasma, treated 
with Ca;(PO,)s gel to remove prothrombin |[ Labile component | Prothrombin 
and stable component | + 
Plasma under study + —| Fibrinogen Stable component 
(diluted 10%) b. Human brain suspension f | Thromboplastin 
-c. CaCl, 0.02 M >| Calcium 
a. Stored human serum —| Stable component 
b. Fresh human oxalated plasma, treated with 
Ca;(PO,)2 gel, to remove prothrombin and “Labile component | Prothrombin 
stable component > | Fibrinogen 
c. Human brain suspension >| Thromboplastin 
|. d. CaCl, 0.02 M —| Calcium 
-a. Fresh oxalated ox plasma, passed through 
30% asbestos filter, to remove stable Prothrombin 
component — abil component | Stable component 
Fibrinogen 
b. Human brain suspension >| Thromboplastin 
-c. CaCl, 0.02 M —| Calcium 
Fibrinogen 
a. Stored human oxalated plasma > | Prothrombin Labile component 
— Stable component 
b. Human brain suspension — | Thromboplastin 
Lc. CaCl, 0.02 M >| Calcium 


* The fundamental principle of all these technics is that of maintaining constant in the reacting mixture all factors 
but the one which is being determined. All reagents, including the plasma under study, are added in the volume of 0.1 ml. 

+ Saline suspension of fresh or acetone-dehydrated human brain. 

An alternative, very satisfactory technic for the combined determination of prothrombin and stable component 
is as follows: prothrombin and stable component are absorbed from the plasma studied with Ca;(POx)2 gel; they are 
subsequently eluted with 1/10 volume of sodium citrate; 0.09 ml. of fresh human oxalated, Ca;(POx,)2 treated plasma 
are added to 0.01 ml. of the eluate to reconstitute the reacting mixture by adding labile component and fibrinogen, 
and the prothrombin time of the mixture is determined. !°!:!% 

It may be added here that, since prothrombin and stable component are both decreased during dicumarol therapy 
and both factors influence the results of the one-stage method of Quick, this test appears very adequate in the control 
of anticoagulant therapy with antiprothrombic drugs, since it expresses the over-all coagulability of plasma. 
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formation of thrombin; (2) other factors, besides 
thromboplastin and calcium, take part in the 
conversion of prothrombin to thrombin; (3) 
serum contains agents accelerating the con- 
version of prothrombin to thrombin; (4) the 
formation of thrombin during the coagulation 
of blood proceeds as an autocatalytic reaction. 
Physiologic anticoagulants play an apparently 
important role in regulating the speed and 
completeness of the autocatalytic reaction. 
Many of these newer concepts were, it should 
be noted, proposed by early investigators: thus, 
Collingwood and MacMahon?* postulated the 
preliminary phase of activation of thrombo- 
plastin in 1912; as early as 1904 Bordet?® recog- 
nized the presence in serum of agents accelerat- 
ing the conversion of prothrombin to thrombin; 
in 1908 Nolf** insisted that at least one agent 
other than thromboplastin and calcium entered 
into the formation of thrombin from _pro- 
thrombin. These ideas went unnoticed in their 
own time. Today, however, they are fully 
accepted and, as a result of these and other 
findings, blood coagulation is visualized as a 
three-step process: (1) activation of thrombo- 
plastin; (2) conversion of prothrombin to 
thrombin; (3) formation of fibrin. The nature 
of these reactions, whether enzymatic or stoi- 
chiometric, is still hotly disputed. 

Active thromboplastin is found in water and 
alcohol extracts of many tissues, particularly 
lung and brain. The water soluble substance is a 
relatively heat-stable lipoprotein. Its lipid frac- 
tion is a mixture of phospholipids, cholesterol, 
etc., and cephalin probably represents the 
active principle. Alcohol extracts of tissues also 
exhibit thromboplastic activity, due to a heat 
stable lipid (probably cephalin). A description 
of the characteristic properties and chemical 
nature of thromboplastins is omitted for the sake 
of brevity, the interested reader being referred 
to original publications by Howell,?® Quick?’ 
and Chargaff.”® 

An entirely different situation exists in the 
circulating blood. Since plasma collected with 
special precautions to prevent platelet break- 
down and made platelet-free by centrifugation 
at high speed will not clot for an indefinite 
time,” probably no free thromboplastic ma- 
terial is present in plasma. Increasing evidence 
supports the view that thromboplastin is found 
in plasma as an inert precursor and that its 
activation (which occurs most commonly at 
the time of vascular injury) requires the inter- 
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TABLE VI 
SYNONYMS OF VARIOUS FACTORS ACTIVE 
IN THE COAGULATION OF BLOOD 

1. Factors taking part in the activation of thrombo- 
plastin: 

Platelet thromboplastic factor: 

thromboplastinogenase*! 

cellular thromboplastic component (TCC)*° 
Plasma thromboplastic factor: 

prothrombokinase”® 

plasmakinin’® 

antihemophilic globulin®® 

thromboplastinogen?*! 

thrombocytolysin** 

thrombokatalysin*! 

thromboplastic plasma component (TPC *)*°® 

2. Thromboplastin (tissues): 

thrombokinase 

cytozime** 

thromboplastic protein?® 

thrombokinin*! 

3. Factors involved in the conversion of prothrombin to 
thrombin other than calcium and thromboplastin: 
‘*Labile component” : 

thrombogéne?* 
component A of prothrombin*? 
factor V — factor VI** 
accelerator factor** 
labile factor*®® 
co-factor of thromboplastin®® 
plasma Ac-globulin — serum Ac-globulin* 
proprothrombinase — prothrombinase** 
prothrombinogenase — thrombinogenase** 

? prothrombinokinase — thrombokinase (f)*? 
plasma prothrombin conversion factor (PPCF) 
— serum accelerator”? 
proaccelerin — accelerin®! 

‘Stable component”? : 

co-factor 

? component B of prothrombin*® 
prothrombin accelerator®? 
prothrombin conversion factor®* 
prothrombin converting factor®* 
co-thromboplastin®® 
plasma precursor — serum prothrombin conversion 
accelerator (SPCA)% 
proconvertin — convertin®! 
factor VII* 

? prothrombinogen (inactive prothrombin) '® 
kappa factor (in chicken)*’ 

* Not to be confused with plasma thromboplastic 
component (PTC) (see text). 

t Signifying an agent capable of influencing the con- 
version of prothrombin to thrombin. 

Many of the factors of group 3 are very likely mixtures 
of “‘labile component”’ and “‘stable component” or, even 
more probably, of prothrombin and “stable component.” 
Some of these factors are arranged in couples, joined by 
an arrow. Those at the right of the arrow are considered 
less active precursors found in plasma; those at the left, 
the active (or more active) form found in the serum. 
For this reason some investigators prefer to think of 
“labile” and “stable component” in terms of a system 
and not as isolated factors. 
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reaction of a plasma factor (plasma thrombo- 
plastic factor, thromboplastinogen, anti-hemo- 
philic globulin) and a platelet factor (platelet 
thromboplastic factor). The properties and 
nature of the plasma and platelet thromboplastic 
factors have already been discussed; the latter 
has properties very similar to those of placental 
thromboplastin.*® The reaction of the two 
agents has been variously interpreted as an 
enzymatic action of the platelet factor on the 
plasma factor*! or, vice versa, as resulting in lysis 
of platelets induced by the plasma factor 
(‘‘thrombocytolysin’’)*? which apparently liber- 
ates platelet thromboplastic lipoprotein, etc. 
Careful work by Shinowara*® seems to indicate 
that the blood cell (platelet) lipoprotein and 
the non-clottable globulin of fraction I (anti- 
hemophilic globulin) together, but not sepa- 
rately, constitute a factor identical with tissue 
thromboplastin in respect to prothrombin 
activation. The interreaction is probably regu- 
lated by the law of mass action (stoichiometric). 

These investigations all emphasize the pri- 
mary role of the platelets in the coagulation of 
blood. It has been stated that contact of plasma 
thromboplastic factor (anti-hemophilic globu- 
lin) with a foreign surface is a prerequisite to 
reaction with the platelet lipoprotein.** More 
recently, the problem has been further com- 
plicated by the discovery of a plasma factor 
(PTC), deficiency of which is responsible for 
abnormally low utilization of prothrombin 
during clotting. Theoretically, at least, this 
agent should be involved in the activation of 
thromboplastin. 

It is now generally recognized that, besides 
thromboplastin and calcium, at least one addi- 
tional factor (labile component) takes part in 
the second phase of the coagulation process, the 
conversion of prothrombin to thrombin. The 
role of the stable component is also gaining 
increasing acceptance. 

The kinetics of this phase are still open to 
question. Experimental results can be quoted 
to prove the stoichiometric or enzymatic nature 
of the conversion of prothrombin to thrombin, 
at will. Thus (1) thrombin does not contain 
thromboplastic material or ionic calcium (but 
may contain bound calcium); (2) the molecular 
weight of thrombin is smaller than that of pro- 
thrombin; (3) thrombin evolves slowly but 
spontaneously in a solution of purified pro- 
thrombin in 25 per cent sodium citrate;*4 (4) the 
stable component is probably not utilized during 


the process of blood coagulation.*® If one accepts 
these results, it must be concluded that the 
prothrombin molecule contains all the materials 
necessary for the formation of thrombin and 
that, in effect, calcium, thromboplastin, stable 
and labile component are merely ‘accessory 
factors” influencing only the rate of pro- 
thrombin conversion. On the other hand: (1) 
the concentrations of available thromboplastin*® 
and of calcium are the limiting factors in the 
amount of prothrombin which can be con- 
verted to thrombin; (2) labile component is 
utilized quantitatively in the formation of 
thrombin, *’:** serum accelerator evolving at the 
same time; (3) no thrombin can apparently 
evolve in a mixture of prothrombin, thrombo- 
plastin and calcium in the absence of labile 
component.*® These findings would suggest that 
prothrombin, calcium, thromboplastin and, at 
least, labile component interreact according to 
definite proportions, thus indicating that the 
reaction is stoichiometric in nature. All these 
experiments are not above criticism. Thus the 
“purity” of many of the isolated coagulation 
factors used in these experiments is problematic. 
On the other hand, the decrease in concentra- 
tion or activity of any coagulation factor during 
the formation of thrombin is not definite evi- 
dence of a stoichiometric reaction, especially 
when it is known that, while some of these 
factors decrease, more active derivatives develop 
as a result of thrombin formation. No definite 
conclusion as to the nature of the phase of blood 
coagulation leading to the formation of throm- 
bin can yet be reached. It should be pointed out, 
however, that while experiments in vitro may 
indicate that thromboplastin, labile and stable 
component only regulate the rate of thrombin 
formation, even interchangeably, and may be 
fundamentally unnecessary for the conversion 
of prothrombin to thrombin, marked deficiency 
of any one of these factors in vivo is usually 
accompanied by severe bleeding manifestations, 
an indication that the hemostatic mechanism has 
become grossly inadequate. From the clinician’s 
point of view, effective protection against hem- 
orrhage requires the presence in concentrations 
above the critical level of all factors known to 
play a role in the coagulation of blood. 


There is no doubt as to the enzymatic nature 
thrombin 
of the fibrinogen ——— fibrin reaction. 


Thrombin, which evolves during the coagula- 
tion of blood, is probably an albumin, contain- 
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ing sulfur and approximately 5 per cent carbo- 
hydrate. It is precipitated at pH 5.1 to 3.4, is 
water soluble, and has a molecular weight 
lower than that of prothrombin. Thrombin is 
heat labile, its inactivation beginning at 40°c. 
and is completed at 60°c. It is possible, although 
not definitely proven, that thrombin is a product 
of the degradation of prothrombin. Thrombin, 
although capable of destroying prothrombin at 
low concentrations, is not a proteolytic enzyme 
and is distinct from fibrinolysin. Although not 
utilized at present for therapeutic uses paren- 
terally, its local use, with oxycellulose, fibrin 
foam, etc., has greatly improved the technics of 
control of local bleeding. 

Gelification of fibrinogen to form fibrin in the 
presence of thrombin does not involve any pro- 
found intramolecular change. Fibrinogen and 
fibrin are chemically identical, and have identi- 
cal antigenic properties and x-ray diffraction. 
They yield identical degradation products on 
enzymatic digestion. The molecules of fibrinogen 
are rearranged to form fibrin without losing 
their individuality. After a preliminary end-to- 
end rearrangement*® the long molecules of 
fibrinogen undergo a process of tri-dimensional 
polymerization.*! Most investigators in this field 
think that the binding of the individual fibrino- 
gen molecules takes place through the sulfhydril 
group (S-H). When molecules of fibrinogen 
come together these groups are oxidized by 
thrombin to S-S groups. Different theories have 
been presented by Laki*? and Mommaerts.** 
According to Lyons,** the fibrinogen — fibrin 
reaction occurs in two steps: first, the S-H groups 
of fibrinogen are freed; secondly, the S-H groups 
are oxidized, probably by the activity of the 
naphthoquinone groups present in the thrombin 
molecule. At the end of the first step, an easily 
identifiable fibrinogen derivative would be 
expected to be present, namely, fibrinogen B. 
Cummine and Lyons*® have stated that fibrino- 
gen B can be found in the circulating blood of 
patients with thromboembolism or thrombotic 
tendency and, since fibrinogen B can be pre- 
cipitated by the addition of B-naphthol, they 
have recommended the qualitative detection of 
fibrinogen B as a test of thrombotic tendency. 
Unfortunately, little correlation has been found 


between this test and actual thromboembolism. 
thrombin 
The enzymatic nature of the fibrinogen ———> 


fibrin reaction is further indicated by the fact 
that thrombin can clot approximately .10° 
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times its weight in fibrinogen. Calcium is not 
necessary for this reaction but its presence 
greatly enhances the activity of thrombin. It is 
possible that thrombin might unite temporarily 
with fibrinogen while this is converted to fibrin. 
This fibrinogen-thrombin reversible combina- 
tion may represent a less soluble, less stable and 
already partially denatured fibrinogen deriva- 
tive (different from fibrinogen B), defined by 
Apitz*® as profibrin. 

At this point it would be helpful to indi- 
cate how various investigators in the field* 
visualize the details of the process of blood 
coagulation, using diagrams prepared for the 
Handbook of Biological Data by Dr. E. C. 
Albritton. The schemes are in cyclical form, a 
device which conveniently emphasizes the 
autocatalytic nature of the process of blood 
coagulation. Physiologic anticoagulants are also 
included. The fibrinolytic system is excluded in 
view of its uncertain role in the physiologic 
coagulation of blood. 

According to Owren, coagulation begins when 
thromboplastin is made available through 
tissue injury or through the release of pro- 
thromboplastin when platelets disintegrate by 
contact with a foreign surface. Prothrombo- 
plastin is then activated to thromboplastin, also 
by contact, but in the presence of calcium and 
antihemophilic globulin. Thromboplastin and 
calcium convert proconvertin to convertin 
(‘‘stable component’’). Convertin, together with 
calcium, brings about a minimal conversion of 
prothrombin to thrombin. This thrombin, 
while inadequate for gelification of fibrinogen, 
can convert proaccelerin (“labile component’) 
to accelerin (‘‘serum accelerator”). When 
accelerin is activated, the interreaction of pro- 
thrombin, calcium, thromboplastin and con- 
vertin to form thrombin is greatly accelerated 
and thrombin is now formed in sufficient 
quantity to convert fibrinogen to fibrin. The 
fibrin clot, acting as a foreign surface, causes 
disintegration of platelets and release of pro- 
thromboplastin, thus establishing an auto- 
catalytic cycle. (Fig. 4.) 

Quick’s theory is somewhat simpler. Throm- 
boplastin is released by tissues or is formed by 
the interreaction of a platelet factor (thrombo- 
plastinogenase) and a plasma factor (thrombo- 
plastinogen). In a second phase, thrombo- 
plastin, calcium, labile factor (“‘labile compo- 


* Presented in alphabetic order. 
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Fic. 4. Blood coagulation: theory of P. A. Owren (1952) (explanation in the text). * 


Thromboplas- 


Thrombotonin 
vasoconstrictor 


Platelet 
Disintegration 


tinogenase 
Thromboplas- 
tinogen 


Contact 


Labile Factor 


Prothrom- 
binogen 


rothrombin 


Thrombin 


Fibrinogen 


Antithrom- 


Fibrin 


Fic. 5. Blood coagulation: theory of Armand J. Quick (1951) (explanation in the text). 


nent’) and prothrombin interreact stoichio- 
metrically to form thrombin. Also, an inactive 
prothrombin precursor (prothrombinogen) is 
activated to prothrombin by the action of 


* Figures 4 to 8 are published through the courtesy of 
Dr. Errett C. Albritton and the Handbook of Biological 
Data. 


rough surfaces. The thrombin formed not only 
converts fibrinogen to fibrin but also “‘labilizes”’ 
platelets, affording the release of more thrombo- 
plastinogenase and, consequently, the formation 
of more thrombin. The fibrin clot exercises a 
very important function since, by adsorbing 
thrombin, it checks the ever accelerating forma- 
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tion of this enzyme which occurs during the 
coagulation of blood. (Fig. 5.) 

Seegers believes that platelet disintegration 
due to contact causes the release of thrombo- 
plastin agent (which reacts with antihemophilic 
globulin to produce thromboplastin) and two 
platelet accelerator principles. Thromboplastin 


tion of thrombin. Thrombin converts fibrinogen 
to fibrin with the help of the platelet accelerator 
substance 2 (platelet factor 2). Fibrin checks the 
autocatalytic reaction by adsorbing thrombin 
while, at the same time, it causes further disin- 
tegration of platelets with release of thrombo- 
plastin factors. (Fig. 7.) 
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Fic. 6. Blood coagulation: theory of W. H. Seegers (1951) (explanation in the text). 


is also yielded directly by injured tissues. 
Thromboplastin and calcium, together with 
platelet accelerator 1, cause a minimum con- 
version of prothrombin to thrombin and this 
initial conversion starts the accelerator phase, 
namely, the conversion of plasma Ac-globulin 
(“labile component”) to serum Ac-globulin 
(“serum accelerator”). Thromboplastin, cal- 
cium, platelet accelerator and serum Ac- 
globulin cause accelerated conversion of pro- 
thrombin to thrombin. This enzyme together 
with platelet accelerator 2 converts fibrinogen 
to fibrin. Again fibrin checks the accelerated 
formation of thrombin by adsorbing the 
enzyme on its surface. (Fig. 6.) 

According to Tocantins, injured tissue releases 
thromboplastin while disintegrating platelets 
release thromboplastin and an accelerator sub- 
stance. Thromboplastin and calcium effect a 
minimal conversion of prothrombin to thrombin. 
This thrombin activates plasma Ac-globulin to 
serum Ac-globulin and the interreaction of this 
latter agent with thromboplastin, calcium and 
_prothrombin causes greatly accelerated forma- 
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A careful analysis of the four schemes indicates 
certain fundamental similarities and dissimilari- 
ties. Most of the disagreement involves the 
phase of blood coagulation process in which 
prothrombin is converted to thrombin, a point 
already discussed. Quick states that no ac- 
celerators* take part in the formation of 
thrombin and that prothrombin, thrombo- 
plastin, calcium and labile factor interreact 
according to stoichiometric proportions. 

Seegers and Tocantins postulate the existence 
of one accelerator system (plasma Ac-globulin 
— serum Ac-globulin = labile component — 
serum accelerator). Owren assumes one ac- 
celerator system (proaccelerin — accelerin) as 
well as one convertor system (proconvertin — 
convertin = stable component). 

Despite the disagreement, however, there are 
some fundamental conclusions subscribed to by 
all authors: (1) All agree that agglutination or 
disintegration of platelets represents the initial 


*It has already been noticed that Quick and Stefa- 
nini’s prothrombinogen is probably similar to the stable 
component. 
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step in the coagulation of blood. It initiates the 
activation of thromboplastin, the first step in 
the clotting process; it supplies a vasoconstrictor 
principle which causes a prolonged, generalized 
state of vasoconstriction, thus reducing blood 
loss and favoring a firm anchoring of the clot 


Tissues 


[ Antithrom- 


boplastin 


[ Thrombo- 
|__plastin 


clotting factors may be due to absorption on 
other proteins, like fibrin and, possibly, other 
globulins, rather than to the presence of specific 
anticoagulants. Little is known of antithrombo- 
plastin, the very existence. of which is still 
doubted by some investigators. Antithrombin is 
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Fic. 7. Blood coagulation: theory of L. M. Tocantins (1951) (explanation in the text). 


of fibrin.47 (2) One or two factors besides 
thromboplastin and calcium are necessary for 
the optimal conversion of prothrombin to 
thrombin. (3) Fibrin, far from being an inert 
product of blood coagulation, plays an active 
role in it. On the one hand, it absorbs thrombin 
on its surface and therefore checks the tumultu- 
ous formation of this enzyme; on the other, it 
probably labilizes platelets in the manner of any 
rough surface, liberates more thromboplastin 
activator, and thus contributes to continuation 
of the autocatalytic reaction. (4) The process 
of blood coagulation is a delicate, unstable 
balance between positive and negative forces, 
which multiple factors and conditions can 
easily influence positively or negatively. All 
diagrams mention two physiologic anticoagu- 
lants, antithromboplastin and antithrombin. 
Others may well be present. Thus Owren 
suggests physiologic inhibitors for the active 
form of both labile and stable component 
(antiaccelerin and anticonvertin). It should 
not be forgotten, however, that at times the 
inhibitory action of plasma upon various 


present in the albumin fraction of plasma and 
serum and is inactivated at 67°c. Albumin X or 
heparin co-factor and natural antithrombin may 
be one and the same substance or they may 
represent two different substances in the same 
plasma and serum fractions. Physiologic anti- 
thrombin probably acts by absorbing thrombin 
on its surface. The combination of thrombin 
and antithrombin (for which calcium is not 
necessary) constitutes metathrombin. This com- 
bination may be split by addition of alkalies or 
acids, thrombin being recovered intact after 
neutralization. This constitutes additional proof 
of the enzymatic nature of thrombin. 

Early investigators had concluded** that the 
process of thrombin formation is greatly ac- 
celerated after a small amount of the enzyme 
has been formed. This hypothesis had been 
based on very simple but significant experiments. 
Thus if one follows the coagulation of blood in 
a test tube, no appreciable change in the 
physical state of the blood takes place for 
several minutes; then in a short fraction of time 
the blood turns solid. It appeared evident to. 
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Arthus that there must be a preliminary phase 
of blood coagulation during which a product 
was formed which could greatly accelerate its 
own formation; he thought this could be 
thrombin. Rightly, therefore, all present in- 
vestigators emphasize the role of the auto- 


thrombin, thromboplastin, calcium, plasma 
prothrombin conversion factor (labile compo- 
nent) and stable component react to form a 
small amount of thrombin. Once thrombin has 
been formed, the plasma prothrombin con- 
version factor is activated to “serum accelera- 
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Fic. 8. Blood coagulation: theory of M. Stefanini (1952) (explanation in the text). 


catalytic mechanism in blood coagulation. 
The writer (Fig. 8) divides the process of blood 
coagulation into a “‘slow phase” and an ‘“‘ac- 
celerated phase.’ The latter phase is due to the 
initiation and continuation of the autocatalytic 
reaction. The slow phase initiates when platelets 
disintegrate and ends with the formation of small 
amounts of thrombin; the accelerated phase 
initiates with the activation of the accelerator 
system and ends with the conversion of fibrino- 
gen to fibrin. The first fundamental step in the 
entire process, the agglutination of platelets, 
follows any lesion involving the vascular endo- 
thelium. Platelet disintegration determines re- 
lease of an agent (platelet activator = platelet 
thromboplastic factor) which, reacting with 
a plasma component (thromboplastinogen = 
plasma thromboplastic factor), determines for- 
mation of thromboplastin. It is possible that 
platelets may release thromboplastin directly 
but, in any case, in minimal amounts. Pro- 


JANUARY, 1953 


tor.” Prothrombin, calcium, “‘stable component,”’ 
thromboplastin, ‘“‘serum accelerator’’ interreact 
in the course of the accelerated phase of the 
coagulation process, which now proceeds at 
increasing speed. Once enough thrombin has 
been formed, it promptly converts fibrinogen 
into fibrin. Thrombin itself is probably responsi- 
ble for the autocatalytic mechanism of blood 
coagulation. How thrombin brings about “‘acti- 
vation” of the “labile component” to “‘serum ac- 
celerator” has already been described. Thrombin 
also produces clumping and disintegration of 
platelets at the site of its formation; this has been. 
shown both by direct and indirect experiments. ** 
When platelets are lysed or “‘labilized,” more 
thromboplastin precursor is liberated and an 
autocatalytic reaction is initiated. 

It is obvious that such an arrangement is 
ideal for the prevention of bleeding. Jn vivo, the 
formation of thrombin is counteracted not only 
by the presence of natural anticoagulants, but 
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possibly even more by the washing effect of 
blood which pours out of the wound. Even if 
this washing effect is somewhat decreased by 
the vasoconstriction caused by liberation of the 
platelet vasoconstrictor principle, it would 
probably still interfere seriously with the normal 


initiation and maintenance of the autocatalytic 
phase of blood coagulation, this is effectively 
checked and directed. Some evidence is avail- 
able to show that thrombin has a greater 
affinity for fibrinogen than for the antithrombic 
albumins. This circumstance assures that no 
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Fic. 9. The fibrinolytic system in human blood. Profibrinolysin (proenzyme: plasminogen; tryptogen; 
prolysin; lytic factor) found in plasma and serum is activated to fibrinolysin [enzyme: plasmin; 
tryptase; lysin (tissues)] by a fibrinolysokinase [activator: fibrinokinase; found in tissues (especially 
lungs and uterus)]. The action of kinase is probably inhibited or antagonized by a number of in- 
hibitors present in plasma and serum (antifibrinolysokinase). The activity of active fibrinolysin is in- 
hibited by antifibrinolysin (antiplasmin), also found in plasma and serum. Alternatively, a proteo- 
lytic enzyme (similar, but probably different from fibrinolysin) is produced by prostatic tissue and 


may be found occasionally in the circulating blood in disseminated prostatic carcinoma. 


formation of a fibrin plug were not the thrombin 
formed at ever greater speed and in ever increas- 
ing amounts. The autocatalytic mechanism 
(‘chain reaction’) is, indeed, so effective that 
it may even compensate for a limited deficiency 
of single coagulation factors. Patients with 
prothrombin activity of plasma as low as 20 per 
cent of normal, with “labile component” 
activity as low as 25 per cent of normal and 
platelet counts of 60,000 to 70,000 cu. mm. 
can still present an apparently normal clotting 
mechanism and show good hemostatic control. 
On the other hand, such a process, if unchecked, 
could be very dangerous to life itself, without 
the influence of controlling mechanisms which 
are able to contain and finally to interrupt the 
autocatalytic formation of thrombin. The role 
of physiologic antithrombin is a predominant 
one among these mechanisms. By combining 
with thrombin (a property which is likely to be 
shared by many other substances in the albumin 
fraction of plasma) to form metathrombin, anti- 
thrombin removes a large amount of the enzyme 
from the circulation. In this, antithrombin (or 
antithrombins) is aided by the fibrin clot itself. 
This concept, first presented by Foa,®° was 
experimentally proven by Wilson®! and has been 
emphasized by other investigators.®*:5* Fibrin 
acts as a large sponge able to adsorb large 
amounts of thrombin, which is again released 
slowly when the clot retracts or is lysed. By 
removing thrombin, the key substance in the 


thrombin is neutralized until sufficient fibrin 
has been formed for good hemostatic control. 


THE FIBRINOLYTIC SYSTEM 


As the fibrinolytic system becomes better 
investigated, its complexity competes with 
that of the process of blood coagulation itself. 
(Fig. 9.) An inert proenzyme is found in Cohn’s 
plasma fraction III-3 and in serum (profibrin- 
olysin). It is water soluble and precipitated by 
33 per cent saturation with (NH4)2SOu,, or 
acidification to pH 5.5. Profibrinolysin is con- 
verted to fibrinolysin by the activity of fibrin- 
olysokinases. These are produced by bacteria 
(streptokinase) and, in mammals, are found in 
serum (in very small amounts) and in various 
tissues. The activator is a relatively heat labile 
substance, very complex in chemical structure 
and definitely different from thromboplastin. 
The activity of fibrinolysokinase is countered 
by an inhibitor (antifibrinolysokinase) which 
accompanies the activator in tissues and can 
also be found in serum. Active fibrinolysin is 
inhibited by antifibrinolysin, which combines 
with fibrinolysin according to definite stoichio- 
metric proportions. Fibrinolysin cannot be 
identified with trypsin. 

Activation of fibrinolysin and of the fibrin- 
olysin/antifibrinolysin equilibrium is under the 
control of basic mechanisms in the econorny of 
the body. Activation of fibrinolysin may be 
induced by “stress” and is one of the facets of 


AMERICAN JOURNAL OF MEDICINE 


P 
+2 
4 
2 
4 
& 
ere 
: 
a 


Mechanism of Blood Coagulation—Stefanini 79 


the so-called ‘‘alarm reaction.” The pituitary- 
adrenocortical-splenic axis controls the activity 
of antifibrinolysin. According to Ungar and 
Damgaard® the inactivation of fibrinolysin by 
antifibrinolysin is regulated by ACTH and 
cortisone and by at least two splenic factors of 
opposing activity (splenin A and splenin B). The 
equilibrium of the fibrinolytic system is very 
well regulated, and tissue destruction of im- 
portant degree or other comparable stimulus is 
necessary to induce activation of fibrinolysin. 

Notwithstanding a large amount of work, 
many fundamental problems of the process of 
fibrinolysis remain unsolved. It is doubtful 
whether the fibrinolysin-antifibrinolysin equi- 
librrum enters into the regulation of the plasma 
fibrinogen level. Also uncertain is the extent of 
activation of fibrinolysin which follows the 
normal coagulation process in man, and the 
role this mechanism plays in the disposal of the 
blood clot. Hemorrhagic diseases due to exces- 
sive fibrinolysis are gaining wider recognition 
and will be discussed later. 


THE METABOLISM AND PHYSIOLOGIC ROLE OF THE 
VARIOUS COAGULATION FACTORS 


Available evidence indicates that fibrinogen, 
prothrombin, stable and labile component and, 
possibly, antihemophilic globulin are produced 
by the liver. Many other organs and tissues may, 
of course, contribute to the synthesis of these 
proteins. Vitamin K and a nutritional factor 
present in brewers’ yeast and liver extract 
(different from folic acid and vitamin By) are 
required for the synthesis of prothrombin and 
stable component.*® This factor is also responsi- 
ble for the macrocytosis of pernicious and other 
macrocytic anemias (protein synthesis factor). 
All conditions interfering with proper intake 
and absorption of vitamin K or protein synthesis 
factor may be responsible for the decreased rate 
of formation of these various coagulation 
agents. 

From a practical point of view, particularly 
in connection with transfusion therapy in 
hemorrhagic diseases, it is important to have 
definite information on the survival time of the 
various coagulation factors and on the mecha- 
nism of their utilization. While fibrinogen and 
prothrombin in plasma and stable component 
in plasma and serum survive for long periods of 
time under certain conditions of temperature, 
blood and plasma must be given fresh and very 
shortly after collection to prevent deterioration 
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and loss of activity of antihemophilic globulin 
and labile component. Lyophilization of plasma 
to a great extent prevents deterioration of all 
coagulation factors zn witro. By administering 
specially treated plasma and serum or crudely 
purified agents to patients with deficiency of a 
single coagulation factor, the “survival time”’ 
of that factor can be studied by serial determi- 
nations of concentration or activity. Fibrinogen 
survives as long as ninety-six hours or more; 
prothrombin disappears from the circulation 
in thirty-six to seventy-two hours after its ad- 
ministration. Labile and stable component are 
even more quickly utilized, since they disappear 
from the circulation in twelve to twenty-eight 
hours. Of antihemophilic globulin, 90 per cent 
is metabolized in twelve to fifteen hours. (Fig. 
10.) Although these data are of great importance 
in directing therapy of conditions due to 
deficiency of the various coagulation factors, it 
should not be forgotten that from the clinical 
point of view administration of plasma or serum 
may favorably influence bleeding long after the 
administered factor has disappeared from the 
patient’s circulation, as established by ordinary 
laboratory methods. Some paradoxical effects 
may also be observed. Patients with severe cir- 
rhosis of the liver and clinical bleeding usually 
present, among other defects of the hemostatic 
mechanism, combined deficiency of prothrom- 
bin, stable and labile component. When serum 
(which contains little or no prothrombin and 
labile component) is given to these patients, 
considerable improvement of the bleeding 
manifestations may be observed, although the 
one-stage prothrombin time remains unmodified 
and only the concentration of stable component 
in plasma may temporarily rise. A highly 
theoretical explanation of this finding may be 
that the administration of ‘“‘stable component” 
could allow complete utilization of the available 
prothrombin and labile component, and there- 


fore influence favorably the hemostatic process. ~ 


Of considerable interest are a series of studies 
and hypotheses directed toward investigation 
of the possible role of various coagulation agents 
in the general economy of the body. The great 
excess of many of the clotting factors in the 
circulating blood and their rapid turnover 
suggest that they may play a role in body func- 
tion other than blood clotting. This problem 
has been investigated particularly with respect 
to fibrinogen. This protein has some unspecified 
relation to immunologic mechanisms and phago- 
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cytosis, and certainly takes part in wound repair. 
Another possible important function of fibrino- 
gen has been suggested recently, namely, that 
of a building stone of the hemapoietic tissue. 
This is suggested by a number of experimental®” 
and clinical findings. Thus the reticulocytic 
crisis which follows treatment of full-blown 
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ABNORMAL COAGULATION MECHANISMS 
IN HEMORRHAGIC DISEASES 


Inadequacy of the normal blood coagulation 
process is due in most cases to one of three chief 
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Fic. 10. The survival of various coagulation factors in vivo. Patients in whom these studies 
were performed had severe, apparently congenital deficiency of the specific agent investi- 
gated. Data on survival of prothrombin are partly influenced by the contemporary ad- 


ministration of ‘‘stable component.” 


tropical sprue is accompanied by a sudden drop 
in the total plasma protein level and particu- 
larly of fibrinogen.** Also, patients with poly- 
cythemia vera often present hypofibrinogenemia 
in the active stage of the disease. The level of 
fibrinogen rises following depression of the 
hematopoietic activity by myelo-suppressive 
agents like triethylene melanine.*® All these 
and other facts suggest that fibrinogen may 
be useful for hematopoiesis and, possibly, a 


causes: (1) quantitative or qualitative (?) 
deficiencies in one or more of the various 
coagulation factors supplied by platelets and 
plasma; (2) the presence of excess circulating 
anticoagulants, which interfere with the normal 
coagulation mechanism; (3) destruction of the 
fibrin clot and circulating coagulation factors 
by increased lytic (fibrinolytic) activity of the 
plasma. While group (1) includes the hemor- 
rhagic diseases most commonly encountered in 
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clinical practice, the importance of excess 
circulating anticoagulants and of fibrinolysis in 
the pathogenesis of bleeding disorders has been 
recognized more frequently in recent years. 

No attempt will be made here to discuss the 
pathogenesis of hemorrhagic diseases due to 
quantitative or qualitative deficiencies of plate- 


81 


secondary to various diseases. The hemostatic 
defect in acute leukemia primarily reflects the 
severe thrombocytopenia, and the several 
aspects of this deficiency have been described 
previously. More complex is the hemostatic 
insufficiency in liver disease. In parenchymal 
liver disease the platelet count may be low and 
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TABLE VII 
HEMOSTATIC DEFECT IN PARENCHYMAL LIVER DISEASE AND OBSTRUCTIVE JAUNDICE 


Platelet count 
Bleeding time 
Capillary fragility 
Clot retraction 
Coagulation time (a) in glass tubes 

(b) in Silicone tubes 
Prothrombin activity (a) plasma 

(b) serum 
Serum/plasma prothrombin activity ratio 
Labile component activity (a) plasma 
(b) serum 

Serum/plasma labile component activity ratio 
Activity of serum accelerator 
Stable component activity 
Fibrinogen plasma level 
Fibrinolytic activity of plasma 
Antithrombin activity of plasma 


Parenchymal Liver Disease | Obstructive Jaundice 
Normal or decreased Normal 

Normal or prolonged Usually prolonged 
Increased Increased * 
Normal or poor Normal 

Normal Normal 
Prolonged Prolonged 
Decreased Decreased * 
Normal or high Low 

Normal or elevated Normal 
Decreased Normal 

Elevated Elevated 

High High 

Low Low 

Low Low * 

Low High 

High (at times) Low 

Low High 


* Completely corrected by the administration of vitamin K, provided the liver is functionally normal. 


lets and individual coagulation factors. ‘Throm- 
bocytopenia, hemophilia and diseases due to 
abnormalities of the factors taking part in the 
activation of prothrombin will be discussed in 
other sections of this Symposium. There are, 
however, a few concepts which should receive 
critical consideration. Caution should be exer- 
cised in evaluating the importance of limited 
depletion of coagulation factors in a bleeding 
patient. Platelets and coagulation factors are 
found in the circulating blood in amounts greatly 
exceeding the demands of normal hemostasis. 
When the capillary tree is intact, the activity 
of coagulation factors usually falls to very low 
‘critical’? levels before spontaneous bleeding 
occurs. This critical level may be as low as 20 to 
30 per cent activity for plasma prothrombin 
and as low as 60 to 80 mg. per cent for fibrino- 
gen, as previously mentioned. Bleeding may 
follow, however, with much higher values, if 
the capillaries are abnormal and capillary 
resistance is decreased. 

The hemostatic defect is likely to be of a 
complex nature in the hemorrhagic tendency 
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the plasma fibrinogen usually is low; the 
activity of prothrombin, labile and stable com- 
ponent is reduced, that of antihemophilic 
globulin may also be low. The capillaries, too, 
are often involved, as indicated by increased 
fragility (positive tourniquet test). In some 
cases depletion of coagulation factors may be 
further aggravated by increased fibrinolytic 
activity, since fibrinolysin may destroy many of 
the coagulation agents. The response of pro- 
thrombin® and stable component activity to 
administration of vitamin K is, in fact, a good 
index of liver function; that of labile component 
is not influenced by this therapy. A completely 
different picture (low activity of prothrombin 
and stable component promptly restored to 
normal by vitamin K, high antithrombin ac- 
tivity of plasma, normal or elevated plasma 
fibrinogen level) may be found in obstructive 
jaundice. This difference is often so striking that 
a “‘profile of hemorrhagic tests’’ can be usefully 
employed for the differential diagnosis of paren- 
chymal and obstructive jaundice.*:® (Table 
vi.) In obstructive jaundice the capillary 
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fragility also is usually increased and is cor- 
rected by the administration of vitamin K 
through an unexplained mechanism.* In 
hemorrhagic disease of the newborn, pro- 
thrombin and stable component are both 
reduced; even in the normal newborn there is a 
moderate, combined deficiency of prothrombin 
and stable component® which is surprising since 
the activity of stable component is increased in 
maternal blood. These are only a few examples 
of the complex pathogenesis of hemorrhage in 
clinical conditions. 

Circulating anticoagulants are being recog- 
nized in an increasing number of patients with 
severe bleeding tendency. In some instances the 
nature of the anticoagulant is unknown; in 
others, heparin or heparin-like substances are 
present in the circulating blood. In the first 
instance the anticoagulant develops in indi- 
viduals receiving repeated transfusions over a 
number of years, as in hemophiliacs; spontane- 
ously in patients with other diseases (tuberculo- 
sis, pemphigus, chronic glomerulonephritis, 
lupus erythematosus®), shortly after pregnancy 
or without any apparent cause. In all instances 
the anticoagulant is of similar nature and has 
similar properties: it is a gamma globulin resist- 
ant to storage and heat (65°c.), active over a 
wide range of pH, non-dialyzable (in practically 
all cases), not extractable with ether, not ab- 
sorbed by gels, not affected by protamine, and 
only slightly if at all, and then temporarily, by 
massive blood and plasma transfusions. It can be 
clearly distinguished from the anticephalin or an- 
tithromboplastin of Tocantins, * excess of which, 
according to this author, would represent the 
fundamental coagulation defect in hemophilia. 

Two types of disturbance of coagulation have 
been found to be due to the presence of such a 
circulating anticoagulant: (1) hemophilia-like 
disease, in which the activity of prothrombin 
is normal in plasma but the protein is very 
poorly utilized during clotting (very short pro- 
thrombin time of serum). The anticoagulant 
in this case probably prevents conversion of the 
plasma thromboplastic factor (antihemophilic 
globulin) to active thromboplastin; (2) hypo- 
prothrombinemia-like disease, in which the pro- 
thrombin time of plasma is prolonged. The 
anticoagulant probably interferes with the con- 
version of prothrombin to thrombin. The 
mechanism of development of the anticoagu- 
lant is obscure, although many established facts 
suggest that it may be due to a process of iso- 


immunization.*®® These facts are: (1) anticoagu- 
lants of the type described may develop in 
hemophiliacs receiving multiple transfusions 
over a long period of time. The plasma and 
serum of these patients will at times show a 
positive precipitation test against normal plasma 
or purified antihemophilic globulin. The re- 
sponse of these individuals to transfusions of 
whole blood, plasma and antihemophilic globu- 
lin is extremely poor, suggesting that the in- 
jected globulin is inactivated or neutralized by 
the anticoagulant. (2) The anticoagulant has 
been detected in some patients shortly after 
termination of pregnancy (sensitization through 
placenta?). (3) The anticoagulant has been 
found in patients in whom other indications 
of isoimmunization are present.®° One may even 
ask whether the increasing frequency with 
which excess anticoagulants are being detected 
may not be related to the more frequent use of 
transfusion therapy. It will be noted that some 
of these patients may recover spontaneously. 
Also, the acquired resistance to plasma in hemo- 
philiacs may greatly decrease if blood and 
plasma are used parsimoniously in these patients. 

In a second group of patients the circulating 
anticoagulant can be identified with heparin or 
heparin-like substances. Hyperheparinemia may 
occasionally develop in patients receiving mas- 
sive doses of nitrogen mustards, x-ray and 
ionizing radiations. As mentioned, however, the 
presumptive hyperheparinemia of acute leuke- 
mia and thrombocytopenic purpura is, in effect, 
an expression of platelet deficiency. In extremely 
rare cases abnormalities of the plasma protein 
pattern may be responsible for hemorrhagic 
tendency. Thus, increase in a- and 6-globulins 
has been shown to cause a disturbance in the 


thrombin 
fibrinogen —————> fibrin conversion (with a 


mild hemorrhagic tendency), which can be 
corrected by dilution of plasma.®* One wonders 
whether excessive hyperglobulinemia (y globu- 
lin) might not contribute to the bleeding 
tendency sometimes found in patients with 
multiple myeloma who show only minor 
thrombocytopenia and decreased resistance of 
the capillary wall.®® 

A complete breakdown of the coagulation 
mechanism may be due to fibrinolysis. Activa- 
tion of fibrinolysis in humans is usually due to 
liberation of fibrinolysokinase from tissues, as 
in hemorrhage, shock, trauma, extensive surgery 
(especially of the lung’®), etc. It may also occur 
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in and be responsible for the severe hemorrhagic 
diathesis of premature separation of the pla- 
centa.”! Alternative explanations have been 
offered for the latter dramatic syndrome. The 
sudden hypofibrinogenemia and hypoprothrom- 
binemia characteristic of the disease have been 
attributed to passage into the circulation of 
thromboplastic substances inducing intravascu- 
lar clotting, hence utilization of fibrinogen and 
prothrombin;’? or even to sudden failure of 
production of coagulation proteins by the liver. 
It may be of interest at this point to remark that 
lung and uterus are organs containing the 
greatest concentration of fibrinolysikinase ac- 
tivity. Excessive bleeding due to fibrinolysis 
(‘‘fibrinolytic purpura”) may also be found in 
leukemia, cancer of various organs,’* etc. A 
special case seems to be disseminated carcinoma 
of the prostate, in which lysis is probably due 
to excessive production by the prostatic tissue 
of a proteolytic enzyme similar to but not 
identical with fibrinolysin.** This enzyme may 
be neutralized by the administration of a special 
tissue inhibitor’?®> and is reduced, either in 
production or activity, by the administration of 
cortisone.”* In chronic diseases, and especially 
in parenchymal liver disease,’ fibrinolysis is 
occasionally observed. Fibrinolysis, by causing 
a total breakdown of the hemostatic mechanism, 
may be responsible for most severe hemorrhagic 
manifestations. The enzyme is known to digest 
not only fibrin but also fibrinogen and _ pro- 
thrombin. Other coagulation factors of protein 
nature (stable and labile component, anti- 
hemophilic globulin) are also attacked by the 
enzyme, as demonstrated by the extremely 
shortened survival of these proteins in the circula- 
tion of patients with high fibrinolytic activity.’® 
The hemorrhagic diathesis which follows requires 
prompt and vigorous handling,”® including ad- 
ministration of large volume of plasma, purified 
fibrinogen (fraction I) and, possibly, cortisone. 

Recently, interest has been shown in the 
possible role of the fibrinolytic system in the 
pathogenesis of thromboembolism. It is known, 
for example, that antifibrinolysin activity may 
be increased in coronary thrombosis, thus 
theoretically inhibiting disposal of the clot by 
fibrinolysin. The same observation has oc- 
casionally been made in other thromboembolic 
conditions. However promising these findings 
may be, the few experimental and clinical ob- 
servations available do not permit of any definite 
conclusion. 
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Conference on Therapy 


Treatment of Cough 


HESE are stenographic reports of conferences by the members of the Departments of 

Pharmacology and of Medicine of Cornell University Medical College and the New 
York Hospital, with collaboration of other departments and institutions. The questions 
and discussions involve participation by members of the staff of the college and hospital, 
students and visitors. A selected group of these conferences is published in an annual 
volume, Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. McKeen CatrTe._: The treatment of 
cough is the topic of the conference today. We 
all know that cough presents a very frequent 
therapeutic problem. The methods of treatment 
are not altogether free of controversy. The 
discussion today, with the participation of the 
audience, should survey the common grounds 
as well as the areas of disagreement. 

Dr. Lansdown, who has given considerable 
thought to this problem, will make the opening 
remarks. 

Dr. Frances S. LANspown: I have put on the 
blackboard an outline of cough problems which 
has helped me in dealing with them as they 
occur in patients. It is based on the site of origin 
of the trouble causing cough in the respiratory 
structures, going from above downward. 

Before proceeding to the specific states in 
which the treatment of cough is the main 
problem, I should like to summarize the various 
measures that are used. I will postpone to the 
end some remarks on codeine and morphine. 

A large number of drugs are used in cough: 
various salts, terpenes, creosote and other agents. 
These are used alone or in combination with 
syrups and flavoring agents. There is a vast 
number of combinations among the cough 
remedies of commerce. They increase or decrease 
secretions. They thin them down, making it 
easier to raise sputum. Counterirritants, steam 
inhalations, warmth, hot and cold drinks, ab- 
dominal binders and drainage by postural and 
bronchoscopic methods are used. 

Education of the patient regarding the func- 
tion of the cough and the best method for con- 
trolling it should perhaps head the list. Patients 
can be made to understand that sputum in the 
cup is preferable to the same material in their 
lungs. Many have the idea that the more noise 
they make the more effective the cough. They 
fail to realize that constant hacking and hawking 
only causes further irritation of the tracheo- 


bronchial mucosa, thus propagating a vicious 
cycle. Most patients can learn to empty the 
respiratory tract with quiet, forceful expirations 
or by postural drainage, thus lengthening the 
intervals between paroxysms of coughing. 
Advice on this point is especially helpful to those 
with severe cough at mealtime, which may 
cause vomiting. If they clear the lungs before 
meals, they eat in comfort. The same applies to 
nocturnal cough; if they drain the lungs at bed- 
time, they are apt to go through the night 
asleep without interruption and without medi- 
cation. Working out a suitable regimen with 
the patient is very time-consuming but the 
results pay high dividends in satisfaction and 
permanence. 

There are several useful facts which one 
should elicit before one proceeds to treat cough. 
First, there is the source of the cough. I do not 
refer to the site of origin of the reflex because 
this is usually in the major bronchi or trachea. 
The cough starts off when the material hits the 
sides of these passages. I refer to the actual 
source of the secretions. Then there is the ques- 
tion of the degree to which it disturbs the 
patient or his neighbors. We have probably all 
had coughs in association with colds which are 
loose, productive and comfortable. They elicit 
sympathy from our friends but they do not 
disturb us much. There seems to be no special 
point in treating these. 

The time of the day when the cough occurs 
or when it is most troublesome is useful informa- 
tion for the diagnosis. For example, the cough 
from tuberculosis and bronchiectasis is usually 
worse in the morning while that from sinusitis 
comes on when the patient lies down at night. 
This information, furthermore, provides a lead 
as to when it is best to treat the patient or at 
what time of the day the most intensive treat- 
ment should be applied. For example, if the 
patient raises sputum with little trouble during 
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the day time but is kept awake at night by the 
cough, it may prove helpful to suppress the 
cough at night. 

The amount of sputum that is secreted com- 
pared with the amount that is expelled supplies 
important information. For example, old and 
debilitated patients in terminal illnesses may 
secrete a huge volume of material but are 
unable to expel it. It is in this group of cases 
that I feel justified in using the full depressant 
doses of codeine and morphine, using them 
with the full knowledge that life may be short- 
ened but the last days are being made more 
comfortable. 

Then there is the type of sputum. For ex- 
ample, if it is tenacious and difficult to bring 
up, it would prove helpful to employ measures 
to thin it down rather than to suppress it. 
Finally, there are facts which the patient may 
have discovered about his cough which may 
provide the physician with useful information 
in treating him. 

We may now pass on to the special treatments 
for cough of various origins. First, there is the 
cough which arises from the secretions in the 
sinuses. These patients are usually helped by 
warm, moist air. If they are put to bed in a room 
at constant temperature, especially if it is damp, 
they often cease to cough. If not, local treatment 
of the sinuses with vasoconstrictors is helpful, 
more so than opiates, to suppress the cough. I 
question the advisability of trying to suppress 
the cough from sinusitis for this allows the 
purulent matter to drain down into the respira- 
tory tract. A trick we have applied with ad- 
vantage in the nurses’ infirmary is that of using 
ephedrine every four hours during the day. 
The patient can apply it himself. He lies across 
the bed with the head and shoulders off the bed 
and the nose pointed straight up to the ceiling. 
Both nostrils are filled to overflow with 0.25 per 
cent solution of ephedrine. He lies there breath- 
ing through the mouth for two minutes by the 
watch. This provides an opportunity for soaking 
the membranes around the ostia of the sinuses. 
Very often this may ease the cough sufficiently 
to make other treatment unnecessary. 

In the case of cough originating in the trachea 
there may be a foreign body which calls for 
removal. Tracheitis, which usually means infec- 
tion, presents one of the most stubborn problems 
in the treatment of cough. If one must treat the 
patient in the ambulant state, codeine is proba- 
bly the only measure that wil] do any good. 


But if the patient is confined to bed, steam in- 
halation usually brings the cough under control. 
In this connection it is better to use the plan of 
keeping the steam kettle or the little inhaler 
going under the nose constantly throughout the 
day than the plan by which the head is placed 
over a bowl of steam for twenty minutes every 
four hours. Constant temperature is one of the 
most important factors. 

Cough may arise from any one of several 
diseases involving the major bronchi. In the 
case of a foreign body correction may be simply 
a matter of its removal. In the case of pressure 
by nodes or aneurysm one applies whatever 
method is effective against these. For tumors of 
the bronchus the essential treatment is, of course, 
operative, if that proves to be possible. Codeine 
or morphine provide some relief. The measures 
used in tracheitis also apply to bronchitis. The 
counterirritant is an old-fashioned remedy but 
it may be quite helpful. Bronchiectasis presents 
a chronic disease with cough in the treatment of 
which education of the patient plays a very 
important part. When sufficient secretions ac- 
cumulate, the patient begins to cough. One 
can work out a regimen of postural drainage 
at indicated hours of the day which will restore 
a fairly normal life to one whose social life is 
ruined by constant coughing. A decisive factor 
is the discovery of the correct posture which 
insures the most effective drainage. Whether 
it is in the home or in the hospital, it is not 
enough merely to prescribe postural drainage. 
What the posture shall be has to be determined 
in each case. Then the nurse and patient must 
receive specific instructions. 

Cough of bronchiolar origin may be associated 
with asthma and come in paroxysms, or with 
spasm secondary to emphysema, in which case 
it is not so apt to be paroxysmal. Epinephrine 
and other bronchodilators provide relief. Vap- 
onefrin is a popular preparation for this purpose. 
It is used with a glass nebulizer by inhalation 
and patients carry it about with them for use 
when the need arises. 

For cough having its origin in the lungs, as in 
the exudative types of pneumonia, for example, 
those due to the pneumococcus, rest in bed, 
specific treatment for the pneumonia, keeping 
the patient warm, steam inhalations and small 
doses of codeine bring the symptom under 
control. Cough in the suppurative types of 
pneumonia, on the other hand, presents a dif- 
ferent problem. This may be a chronic disease 
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and the patient has to learn to live with it. 
Bronchoscopic drainage is used, although I am 
inclined to question its value since the broncho- 
scope rarely reaches the seat of the trouble. 

In tuberculosis patients also have to learn to 
live with their cough problem. Those in sanitaria 
learn by themselves or from other patients that 
a drink of hot milk or coffee in the morning 
greatly facilitates the expulsion of the material 
which accumulates during the night. 

Patients with chronic emphysema are wet, 
so to speak, all the time. The secretion is at the 
bottom of their lungs. They cough and spit 
constantly. Some raise clear and mucoid 
material, although it often becomes purulent 
in the winter. Treatment in these instances is 
also very difficult. Stimulant expectorants 
appear to be most helpful. These people drink 
buckets of elixir terpin hydrate. Abdominal 
binders sometimes help since they raise the 
diaphragm and provide resistance against which 
they may cough. In these cases, also, there is 
need for educating the patient in the use of the 
cough most effectively. 

Before concluding I would like to say a word 
about codeine. It is a common practice in the 
treatment of cough to prescribe codeine and let 
it go at that; and if a dose of 15 mg. is ineffectual, 
it is increased to 30 or even 60 mg. It is possible 
to suppress any cough by huge amounts of 
codeine but no end of damage may result. For 
example, infected material from a tuberculous 
cavity may spill over to the adjacent bronchi, 
causing a spread of the disease, or a lung abscess 
may fill up and break through the pleura caus- 
ing a bronchopleural fistula and emphysema. 
A survey published in Supplement No. 158 
of the U. S. Public Health Reports indicates 
that addiction to codeine is not as rare an oc- 
currence as many people think. It describes 
several established cases of codeine addiction 
which had their origin in therapeutic amounts 
given over a protracted period of time. What I 
say about codeine applies to morphine when 
given in one-fifth the dose. Their advantages 
and disadvantages are similar, although there 
may be some differences in their side actions. I 
don’t wish to imply that opiates should not be 
used in cough, for they are of great value. It is 
their indiscriminate and thoughtless use that 
is in need of more attention. 

For some reason the smallest tablet of codeine 
that is dispensed in the hospital here contains 
15 mg., and that which is most commonly used 
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is one containing 30 mg. These doses seem to me 
unnecessarily large. For most cases of cough 
the advantage of a large dose over a small one 
lies chiefly in a more prolonged action. The 
depressant effect of 30 mg. of codeine on the 
cough mechanism is not substantially greater 
than that of 15 mg. It is only with the much 
larger doses that the effect becomes conspicu- 
ously more marked, and it is with these that 
one approaches the danger of suppressing the 
cough. I prefer to use doses of 10 mg. every two 
hours rather than larger doses at longer inter- 
vals. One teaspoonful, or 4 cc., of the elixir 
terpin hydrate with codeine of the National 
Formulary, a preparation which is commonly 
used for cough, contains only 8 mg. of codeine. 
This amount of codeine seems to be effective. 
It is doubtful that the elixir terpin hydrate in 
the teaspoonful exerts any substantial effect. 
In the U. S. Public Health Report to which I 
referred the result of a survey made at a large 
sanitarium, on 475 patients with troublesome 
cough, is included. Tablets containing 10 mg. 
of codeine were made up. The staff were asked 
to prescribe the dose of 10 mg. but were allowed 
to increase the dose if necessary. Up to the time 
the study was made 30 mg. was the smallest 
dose of codeine dispensed. It was found that 
only twenty-one of the 475 patients required 
codeine in doses larger than 10 mg. and of these 
only three required the doses of 30 mg. The 
study showed that any cough that would not 
respond to 100 mg. could not be relieved by 
three times that dose. The author concluded: 
*“*As the result of this study, smaller dosages of 
codeine are being administered at shorter 
intervals than previously. This probably means 
a better understanding of cough control, and if, 
as seems probable, patients are just as com- 
fortable as formerly, the intangible saving 
through avoiding the side action of a narcotic 
is incalculable.’ He then adds that the use of 
narcotics in cough control is unnecessary in the 
large majority of patients suffering from tuber- 
culosis. I believe this has been a common 
experience among those working in sanitoria 
who have taken the time to study the problem; 
and if it is true in tuberculosis, it is certainly 
true in coughs from other causes. 

Dr. CaTTELL: Dr. Muschenheim, would you 
care to comment at this point? 

Dr. Cart MuscHENHEIM: While it is a fact 
that this conference was planned to deal with 
ways and means of controlling cough, it may 
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be worth while to be reminded that cough is a 
physiologic mechanism which does not always 
have to be treated, and that there are sometimes 
urgent indications to do the reverse and promote 
cough. I venture the opinion that there have 
been more deaths from failure to cough than 
from coughing. The symptom cough is a source 
of important information in medical practice. 
The fact remains, however, that it may be a 
distressing symptom, painful and exhausting. 
When it is especially violent, it may cause 
damage to the lungs or to the thoracic cage. 
Fracture of a rib from coughing is not especially 
rare. In the endeavor to control cough I believe 
it is more effective to treat the cause of the 
cough than the symptom itself. The causes are 
so numerous and diverse, however, that I doubt 
we Can cover more than a small number of them 
in this conference, and Dr. Lansdown _ has 
already done so. I hope, however, that the dis- 
cussion will throw light not only on the question 
of how and when to treat a cough but also when 
not to treat it and, further, how best to promote 
cough when there is need for it. 

I might amplify a few of Dr. Lansdown’s 
remarks, especially in relation to postural drain- 
age in suppurative diseases of the lung. In these, 
mechanical measures are far and away more 
important than pharmacologic aids. A con- 
tribution to the method of postural drainage 
was made in this hospital by Dr. Forkner and 
Dr. Timpanelli some years ago which, in my 
opinion, has not received the attention it 
deserves. The principle is to arrange the bed so 
that the patient with severe bronchiectasis, 
particularly during exacerbations with com- 


plicating suppurative pneumonitis, is main- 


tained in a position favoring postural drainage 
constantly, even during the night. It can be 
done in several ways, namely, by raising the 
foot of the bed producing an inclination of 15 
to 30 degrees, or by building it up in the middle 
producing a jackknife position so as to prevent 
all the blood running to the head. Patients 
tolerate this for twenty-four-hour periods. This 
technic, I believe, has vastly improved spon- 
taneous healing of lung abscess in this hospital 
in the past four or five years. Only about 30 per 
cent of the patients with lung abscess used to 
heal when treated with conservative measures 
but in the recent years in which this method has 
been used the situation has been substantially 
reversed; we have not had to resort to surgical 
drainage in more than about 30 per cent of cases 


of acute lung abscess. In chronic bronchiectasis 
in which the sputum was abundant and so foul 
that to be in the same room with the patient was 
almost intolerable, this treatment has reduced 
the sputum to a few centimeters a day and has 
eliminated the foul odor. 

There is another point to which I should like 
to refer. It is the value of bed rest. Bed rest has 
come in for a good deal of criticism recently but 
I think that these views have tended to obscure 
some of its virtues. In patients with tuberculosis 
cough diminishes very promptly with bed rest 
alone. It is associated with improvement in 
other ways but there is the striking fact that in 
the patient who has been coughing incessantly 
when he was up and about, cough and expecto- 
ration lessens fairly promptly and long before 
the cavity is closed, when he is put at complete 
bed rest. 

Finally, I should like to hear a little more 
about cough mixtures. Dr. Lansdown did not 
say much about them. What are the special 
virtues of the ones we use? Do all kinds of cough 
respond equally well to one drug or mixture? 
Many of the mixtures which were popular years 
ago have fallen into discard. Now it is common 
practice to use codeine alone. Among the 
mixtures elixir terpin hydrate seems to be most 
popular. I looked up the action of terpin hydrate 
in several books on pharmacology and I dis- 
covered a want of agreement on the nature of 
its action as an expectorant. I wonder if Dr. 
Gold would tell us how it really does act. I 
would be interested in knowing what is to be 
expected from some of the other drugs which 
pharmacologists list as expectorants. I have not 
been impressed with any substantial benefit 
from any of them, with the exception of elixir 
terpin hydrate with codeine, which sometimes 
relieves a cough miraculously. Only yesterday I 
saw a patient to whose daughter I had given a 
prescription for the elixir terpin hydrate with 
codeine for a cough associated with a mild cold. 
I discovered that the mixture was passed along 
to other members of the family, to the cousins, 
sisters and aunts. Everyone in that group found 
that it “cured” their cough in a few days. We 
have all probably had similar experiences with 
this or other favorites. Some patients express the 
firm belief that codeine in a liquid vehicle is 
more effective than a tablet of codeine. I am 
not certain that the preference represents a 
pharmacologic difference. 

I want to say a word or two about bronchitis. 
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As the result of the intensive search for the more 
serious causes of pulmonary symptoms, many 
have taken the position that there is no such 
thing as simple bronchitis. I have been told by 
physicians that their teachers in the medical 
school expressed their position in this way: If a 
patient has a cough, don’t make a diagnosis of 
bronchitis but proceed to find the cause of the 
cough. I do not share that opinion. I believe 
that simple bronchitis is probably the most 
common cause of cough, far more frequent than 
tuberculosis, bronchiectasis or lung abscess. 

Dr. CaTTELL: Dr. Gold, would you like to 
say something about expectorants? 

Dr. Harry Go tp: Yes, the first point I should 
like to make about expectorants is to stress the 
desirability of abandoning the term. It is an 
obsolete term applied to cough remedies. I 
doubt that it ever had a clear meaning, and in 
these days when so much effort is put into 
rationalizing therapeutics this term _ places 
obstacles in the way of clear thinking on the 
subject of cough and how to treat it. 

One of the foremost textbooks on pharma- 
cology includes a chapter on expectorants. It 
defines them as drugs which assist in the removal 
of exudate from the respiratory tree. It then 
proceeds to classify them in the conventional 
manner as sedative, stimulant and anodyne 
expectorants, the anodyne expectorants referring 
to opiates which depress the cough mechanism 
by a central action. This is strange logic. 

Visiror: What would you have in its place? 

Dr. Gotp: A chapter on cough remedies 
would be a good substitute. 

INTERN: Is there such a thing as a specific 
cough remedy? 

Dr. Gotp: I think we may speak of a specific 
cough medicine in a certain sense. It may be 
best to use an example to explain the point. 
Consider the case of a sixty year old woman 
with hypertensive and arteriosclerotic heart 
disease. When she lies down at night, she begins 
to cough. She has to sit up and after some 
minutes the cough subsides. When she receives 
enough digitalis and mercuhydrin, her cough 
problem is brought under complete control. 
Although the digitalis and mercuhydrin abolished 
the cough in a most dramatic fashion, it would 
not add to our knowledge to classify these as 
potent cough remedies. They control congestive 
failure, and in congestive failure the sole or 
presenting symptom is sometimes a stubborn 
cough. 
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I think it is well to confine the term cough 
remedy in a specific sense to a drug which acts 
to raise the threshold of the cough “center” in 
the central nervous system, or acts peripherally 
in the respiratory tract to reduce the impulses 
which pass to the center, or to a mixture which 
combines both actions. 

STUDENT: How does the specific peripherally 
acting cough agent act? What does it do? 

Dr. Gop: Most often it probably produces a 
favorable change in the respiratory secretions. 
Let us see how that can take place. If one 
analyzes the conventional reflex involuntary 
cough situation, the events can be seen to fall 
into a certain pattern. Each paroxysm is com- 
posed of a volley of coughs followed with a free 
interval. The interval varies in duration. The 
patient may have a volley of coughing every 
few minutes, or once in several hours of the day. 
Each blast may be mild or severe. The number 
of blasts may be two or three, or twenty or 
thirty in the length of a volley. Cough medi- 
cines may alter any phase of a paroxysm. A 
centrally acting medicine which raises the 
threshold of the cough center makes it necessary 
to build up a stronger stimulus before the 
trigger for a paroxysm of coughing is released. 
For example, if, in a particular case, the trigger 
is irritating mucopus in a bronchiectatic sac 
which fills sufficiently to exceed the threshold 
within about two hours so that the patient has a 
bout of coughing at intervals of approximately 
two hours during the day, the centrally acting 
cough remedy may cause what the patient 
refers to as improvement by reducing the num- 
ber of coughing bouts and prolonging the 
intervals between them from perhaps two to 
four or five hours now required to fill the sac 
or distend it sufficiently to build up the necessary 
stimulus. The patient may report that he expels 
more material with each bout of coughing and 
that he gets more rest because the number of 
coughing paroxysms have been reduced from 
perhaps ten or fifteen to three or four during 
the day. This is especially welcome if the change 
refers to a pattern of cough that is most trouble- 
some at night. 

The term, expectorant, may be confined to 
the peripherally acting cough medicine. It is 
most often an irritant which acts on the respira- 
tory mucous membrane directly or reflexly to 
increase the secretions. The increase in the secre- 
tions is apt to make them more alkaline and the 
rise in pH renders the mucous thinner and less 
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viscid. These factors alone or in combination 
protect dry mucous membranes against irritant 
particles and help to wash away adherent irri- 
tant mucopurulent plaques with a minimum of 
effort in terms of the severity and number of 
coughing blasts. The patient may report the 
cough as “easier.” An analysis may show that 
the cycles recur as frequently as before but the 
number of coughs in a volley may be reduced, 
for example, from fifty to ten. Since long volleys 
and violent blasts tend, in themselves, to irritate 
the respiratory passages and promote the con- 
tinuation of the cough in a vicious cycle, the 
action of the expectorant may also have the 
indirect effect of lengthening intervals between 
paroxysms of coughing. 

A simple upper respiratory infection often 
presents cough as the dominant symptom. 
Through severe blasts and long volleys the 
cough produces sufficient irritation to sustain 
itself through a chain reaction long after the 
primary condition is gone. This is the kind in 
which prolonging the interval between volleys 
by a centrally acting cough medicine or reduc- 
ing the number and severity of the blasts in 
each volley by an expectorant produces the 
extraordinary spectacle of a cough of long 
duration “cured’”’ by a few doses of cough 
medicine. This would explain Dr. Muschen- 
heim’s experience with the magic cough cure 
which his patient passed on to all the members 
of the family. 

Dr. CatTetL: Dr. Muschenheim raised the 
question as to whether one cough medicine 
might be better than another in certain condi- 
tions. Have you anything to say about that? 

Dr. Gotp: Dr. Muschenheim touched on a 
very interesting point there. I have often put 
this question in relation to cough: What cough 
medicine do you commonly prescribe? The 
answer has almost invariably been: It depends 
on the kind of cough, whether it is a dry or a 
wet cough. If it is wet, we don’t use the opiates; 
and if it is a dry cough, we use expectorants with 
or without opiates. This viewpoint has a logical 
appearance but I believe it is an oversimplifica- 
tion of the problem and that there may be, in 
fact, nothing in it at all. There are the very 
serious cough problems requiring postural or 
surgical drainage or other special devices for 
bringing them under control but for the great 
majority of cases in which a cough medicine is 
indicated I believe that whether the cough is 
wet or dry is a matter of indifference in the 


selection of a cough remedy. Opiates may be 
used in both of them. If a cough is productive, 
or so-called wet, it is obviously undesirable to 
use opiates too freely, but smaller doses whicn 
raise the threshold so that more secretion may 
have to accumulate before the cough reflex is 
activated are apt to prove useful. 

Among the opium group I believe that 
morphine is much more effective than codeine. 
The cough center is so sensitive to morphine 
that minute doses usually suffice, doses which 
often produce no side effects. To produce similar 
results on the ccugh with codeine often requires 
enough codeine to produce side actions, par- 
ticularly constipation. 

At this point I should like to refer to a remark 
which Dr. Lansdown made earlier, namely, 
that it is possible to suppress any cough by 
huge amounts of codeine. I should like to raise 
the question whether it is not frequently im- 
possible to suppress cough with any subnarcotic 
dose of any of the opiates. I believe that the 
response of the cough mechanism, like that of 
the pain mechanism, has a ceiling and that 
beyond a particular degree of action by the 
opiates it is not possible to produce appreciably 
greater effects. 

Visiror: I wonder if, for practical purposes, 
Dr. Gold would write out a sample prescription 
for a cough remedy including morphine and 
a good expectorant? 

Dr. Gop: I wish you had not used the 
adjective “‘good” to describe the expectorant 
which I would put into a cough mixture. We 
have favored ones and the basis for the favoritism 
is usage and habit. There is, of course, the 
matter of compatibility in mixtures, and one 
has to avoid an incompatibility. Of this point I 
am certain, that my use of any particular ex- 
pectorant has never been based on any evidence 
that it was more effective than another. I know 
of no evidence that can be used for this purpose. 

Now back to the specific question. Here is the 
cough mixture I would prescribe: 


Morphine sulfate 0.03 
Elixir terpin hydrate to make 60.00 
Mix 


Sig: 1 teaspoonful every 4 hours 


Each teaspoonful contains 149 gr. or 2 mg. of 
morphine sulfate; and if the patient takes four 
doses a day, he will have received 8 mg. of 
morphine. The interval between doses should 
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be worked out for each patient individually. 
The return of the cough is a good guide, and 
this will show the need for a dose every two 
hours or it will show that six or eight hours 
suffice. A period of one or two days with this 
medication should be sufficient to establish its 
utility in the particular case. There is not 
enough morphine in the whole bottle of 2 
ounces to involve the risk of addiction, and if the 
patient were to take a notion to swallow the 
whole bottleful at one time, there is no risk of 
poisoning. There is only a total of 14 gr. or 
30 mg. of morphine in the whole mixture. I 
believe it was the morphine which supplied the 
adequacy to the old time brown mixture and 
Stokes’ expectorant which were once very 
popular cough remedies, even though a tea- 
spoonful contained about only 0.25 mg. of 
morphine. 

Dr. MuscHENHEIM: While morphine is very 
effective against cough, it is worth emphasizing 
that it depresses the respiration and should be 
used with great caution. I doubt whether it 
should ever be used in a case of hemoptysis. 
It does indeed reduce the amount of bleeding 
but there is danger in suppressing the elimina- 
tion of the blood and clots. In tuberculosis, 
particularly, morphine may cause spread of the 
disease and development of the pneumonic type 
of tuberculosis. 


Dr. Gotp: I think it is quite proper to warn — 


against the dangers of morphine, the fact that 
it can depress respiration and produce more 
depression of the cough reflex than is desirable. 
But at the same time it would seem wise to call 
attention to the fact that these excesses are 
matters of dosage. By appropriate adjustment 
of the dose one can secure as much or as little 
action of morphine on the cough mechanism 
as appears to be desirable. It is, therefore, in- 
accurate to refer to morphine as indicated in 
one condition and contraindicated in another. 
If it is the objective to raise the threshold of 
the cough center, morphine is the most effective 
drug for the purpose, and the amount of depres- 
sion of the cough center is merely a matter of 
dosage. 

Dr. Mary Love ess: How about the iodides 
in bronchial asthma? Do they not have some 
value in controlling the cough of asthma? 

Dr. Goip: That question comes up fre- 
quently. The iodides are useful expectorants. 
Most expectorants which are put into cough 
remedies are emetics. They produce gastric 
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irritation. They may cause nausea and, in 
larger doses, vomiting. The earliest action of 
an emetic is that of increasing secretions. If it is 
taken by mouth, the irritation in the stomach 
not only causes increase of secretions in the 
stomach but, also reflexly increases secretions 
in the respiratory tract. This applies to such 
expectorants as terpin hydrate, syrup of squills, 
antimony and potassium tartrate, and am- 
monium chloride. Such materials reflexly excite 
secretions in the respiratory passages through 
an aromatic or penetrating odor, bitter or 
burning taste, or nauseant action. In the case 
of the iodides there may be an additional 
mechanism resulting from the excretion of the 
iodides through the mucous membranes of the 
respiratory tract. This action is particularly 
prominent after very large doses of the saturated 
solution of potassium iodide. These give rise to 
symptoms of coryza, often referred to as symp- 
toms of iodism. 

Dr. CaTTELL: Could we have some of your 
thoughts on the treatment of cough, Dr. Guion? 

Dr. Connie M. Gurion: I might mention a 
few points which stand out particularly in my 
mind, since most of the measures have already 
been discussed by others. There has been no 
reference to cough as a means of spreading 
disease. I think this is an important matter. In 
a cough the glottis is opened and the contents 
of the respiratory tube are forcibly expelled 
at the rate of 150 to 160 feet per second. This 
indicates the importance of wearing a mask 
under the proper conditions. There is also the 
danger of coughing into one’s hand, as a means 
of passing infection on at the next doorknob or 
with the next handshake. In acute pharyngitis 
the disagreeable hacking cough may be con- 
trolled by gargling with a solution of normal 
saline to each glassful of which there is added a 
half teaspoonful of bicarbonate of soda and a 
tablet of 0.3 gm. of aspirin. In the more severe 
forms which give rise to blood-stained sputum 
a spray of 1 per cent butyn sulfate or pontocaine 
is useful, although one must remember that 
these are toxic agents. One should avoid using 
so much as to cause numbness of the throat. 
Among the opiates I prefer dilaudid because it 
is less likely to produce constipation, drowsiness 
and nausea. In the case of codeine I use 30mg. 
as the initial dose and follow this by 8 mg. every 
two hours. It is my experience that these doses, 
while decreasing the cough reflex, are not suffi- 
cient to abolish it. I should like to emphasize Dr. 
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Lansdown’s remarks on steam inhalations. They 
are extremely important in cough. An endeavor 
is made to maintain a concentration of about 
65 per cent in the atmosphere in which the 
patient breathes. Most of the numerous elec- 
trical devices for steam inhalation are unsatis- 
factory and some are dangerous. The small units 
may stop up and explode. They often burn the 
medication and such a material as burned 
benzoin is very irritating. I prefer a large tin 
pan on a hot plate, one which will produce a 
continuous flow of steam during the whole 
twenty-four hours. Some type of fragrance may 
be added to the steam, such as the compound 
tincture of benzoin, oil of pine or oil of turpen- 
tine. I doubt that these materials add much to 
the therapeutic value of the steam. 

Reference has already been made to the use 
of counterirritants in the treatment of cough. 
I think it is an important measure and is 
especially useful in the cough of dry pleurisy. 
For this purpose I usually make use of the 
mustard plaster or a large flaxseed poultice; the 
poultice is put on as a jacket and kept warm 
with a hot water bag. You are probably all 
familiar with the practice of painting the skin 
with tincture of benzoin as a protection against 
the plaster if the patient’s chest is to be strapped. 

One of the major remedies against the cough 
associated with acute asthma is the intravenous 
injection of aminophylline. The dose is 0.24 gm. 
injected very slowly and repeated every four to 
six hours if there is need for it. For this purpose 
epinephrine is also very useful, either in the 
form of a spray or an injection of 0.3 to 0.5 cc. 
of the 1:1000 solution subcutaneously. The 
difficulty there is the tendency for epinephrine 
fastness or epinephrine addiction to develop. 

The cough from atelectasis is not a common 
encounter but it presents a very important 
problem when it does occur, as it does most 
often postoperatively or after hemoptysis. Pound- 
ing the patient on the back from the base of the 
lung to the apex is an effective measure. I 
have seen members of our Department of 
Surgery apply it with great skill. 

The cough of patients with emphysema and 
fibrosis presents one of the most difficult prob- 
lems. I may emphasize Dr. Lansdown’s sugges- 
tion of education of the patient to live within 
the limits of his respiratory reserve as the most 
important measure. Bronchiectasis and lung 
abscess, both conditions in which troublesome 
cough is an outstanding symptom, are to a large 


extent surgical problems; but when for a period 
medical treatment is necessary for one reason or 
another, I have found the regular schedule of 
steam inhalations the most efficacious measure. 

Dr. CaTTELL: Dr. Levine of the Pediatrics 
Department is here today. Perhaps he might be 
willing to say a few words about the treatment 
of cough in children, especially in instances in 
which the problems of children and adults 
differ. 

Dr. Mitton I. Levine: Children and adults 
are in many respects alike in the cough problems 
which they present but there are sufficient dif- 
ferences to warrant special attention to the 
cough problems of children. Several mesures 
which are used with eminent success in adults 
are not very useful in children either because of 
differences in reactions or because of special 
difficulties which children place in the way of 
successful application of the measures. We try to 
avoid painting the throat in youngsters. We 
also try to avoid ice collars in children; they 
sometimes struggle so violently with ice collars 
that it is better to take them off. Putting packs 
on the chest presents an unusually difficult 
problem in children and we avoid that when 
we can. In regard to medicines, pediatricians 
tend to concentrate on things which have a 
pleasant taste. I am in the habit of tasting 
everything I prescribe for children. One of the 
first things I do when I have a visit from a 
detail man is to taste the mixtures he advocates. 
That gives me an idea as to whether the child 
will take the medicine without a fuss. I have 
a notion that most pediatricians follow the 
same plan. The pediatrician has to remain in 
the good graces of his patients. 

The number of drugs we use in treating 
children is quite small. Ammonium chloride is 
an expectorant commonly used by pediatricians, 
in the form of a mixture containing 0.3 to 0.5 gm. 
to the teaspoonful of syrup of wild cherry. 
Another popular one is syrup of ipecac in doses 
of 14 teaspoonful every two or three hours. 
Codeine is added if the cough is too wracking, 
as is sometimes the case in whooping cough. 

We make a great deal of use of steam inhala- 
tion in treating the cough of babies. The popular 
vaporizers are undoubtedly a source of danger. 
Not many days elapse in my own experience 
and in that of my colleagues without an account 
of one or more children sustaining burns from 
one of the vaporizers which was not being 
watched carefully during use. It might be 
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worth calling attention to the vaporizer which 
has a nozzle 2 to 3 feet long. It contains a large 
volume of water. It continues to operate for six 
to eight hours if necessary and it is not very 
expensive. It costs about $10, but it is worth it 
when one considers that it eliminates the 
hazard of the other vaporizers which have to 
be placed dangerously close to the child’s 
bed. When it is in use, the crib is covered with 
a sheet like a covered wagon, the steam entering 
through an opening at the foot and leaving 
through an opening near the baby’s face. There 
is no danger of splashing. The way we com- 
monly use it is to have it operate for twenty 
minutes at intervals of approximately four 
hours. We find the steam inhalation extremely 
useful in cases of laryngeal spasm, the croupy 
kind of cough which is much more frequent 
among children than among adults. The croupy 
cough which sounds like the bark of a seal is 
frightening. Inhaling warm steam relaxes the 
laryngeal spasm fairly quickly. Syrup of ipecac 
is also quite effective in promptly terminating 
the croup but there is the fact that the doses 
used provoke vomiting. 

We have a great deal of respect for croup. 
If it lasts unduly long, we are apt to treat the 
child with penicillin or even streptomycin. 
Some of the cases develop into laryngotracheo- 
bronchitis, a very serious infection which rapidly 
extends down the respiratory tree, producing an 
undue amount of edema, and may prove rapidly 
fatal in between 25 and 50 per cent of the cases. 
If, in a case of croup the child’s distress persists, 
the temperature continues to rise and weakness 
seems unduly pronounced, penicillin and strepto- 
mycin should be used promptly and the steam 
inhalation. 

A foreign body in the respiratory tree is not a 
very rare cause of coughs in children. In the 
process of swallowing the various and sundry 
items they put in their mouths, they also inhale. 
One therefore finds peanuts, toys, marbles and 
pennies which require removal. It is a good plan 
to examine the child behind the fluoroscopic 
screen. The mediastinum is likely to move in the 
direction of the bronchus containing the foreign 
body. If one informs the bronchoscopist of this 
fact, he can go right ahead with the business of 
removing the foreign body. Some of the inhaled 
foreign bodies give rise to a rapid inflammatory 
process; in the case of a peanut there may be 
extreme inflammation in the area within six to 
twelve hours after the article is inhaled. By the 
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way attention should be called to the fact that 
turning the child upside down and pounding 
the back for the purpose of recovering a foreign 
body is a dangerous procedure, because often 
the result is not the one expected; the article is 
not recovered but thrown into one of the upper 
bronchi, from which removal is more difficult. 

I have referred to the need for making medi- 
cines pleasant for children. In the case of 
pharyngitis we sometimes give them hard candy, 
honey and pieces of ice to suck on. All of these 
occasionally prove helpful. In the cough of more 
chronic conditions such as adenoiditis, spray 
with penicillin takes care of the condition. In 
some cases the condition is resistant until the 
adenoids are removed. 

Bronchitis in children is managed in much 
the same way as it is in adults, namely, with 
antibiotics and postural drainage. 

Lipoid irritations occur much more frequently 
in children than in adults because of the com- 
mon use of oily nose drops in the several prepara- 
tions of commerce. They are not used as fre- 
quently now as they used to be. Another source 
of inhalation of oil has also greatly diminished. 
In the old days it was the practice to take 
advantage of the baby’s screaming and while the 
mouth was wide open, the teaspoonful of cod 
liver oil was popped in. The operator was not 
certain whether the material was swallowed or 
inhaled but further experience showed that a 
good deal of it was inhaled, with the result that 
an interstitial inflammatory reaction was set up 
in the lungs. In present days we are much more 
conscious of the lipoid irritations from nose 
drops; when they appear, the drops are discon- 
tinued and the cough subsides. 

Pediatricians have shown interest in the use 
of atropine or belladonna in the cough problems 
of children but I believe it is of no particular 
value unless there is an unusual amount of 
bubbling. It should never be used in laryngitis 
or laryngospasm of the child. The dose is very 
small, 14000 gr. or 0.06 mg. 

Whooping cough is one of our problems. We 
obtain some aid from codeine in a dose of 15 mg. 
every four hours, increasing the dose until the 
level is high enough to give rise to perceptible 
benefits. I might mention parenthetically that 
chloromycetin has received a trial in whooping 
cough recently. I have not had much experience 
with it but there are pediatricians who have 
made very optimistic reports on its use in doses 
of 100 mg. per kg., essentially the same dosage 
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as that for aureomycin in the treatment of 
whooping cough. 

We treat the cough of asthma in children in 
much the same way as in adults. If the child is 
old enough, we employ epinephrine 1:100 in 
the nebulizer. A child over three years of age 
can be taught how to use it. The mixture of 
aminophylline and phenobarbital is given by 
mouth or by suppository. We are inclined to 
avoid the intravenous injections in children. 

I might say a word about narcotics in the 
treatment of coughs of children. I have referred 
to the use of codeine. I should mention that I 
often use dionine instead of codeine. It is my 
impression that it is less constipating. I have 
not used dilaudid in children, although it may 
well be that other pediatricians do use it. 
The customary dose of dionin is 12 gr., or 
approximately 2 mg. 

Dr. MuscHENHEI: I see that Dr. Gold has 
been making copious notes. Maybe he would 
let us in on some of his reflections. 

Dr. CatTe.L: Dr. Gold, would you wish to 
enlarge on some of your earlier remarks, or 
have you additional remarks concerning cough 
medicines since you have heard the various 
discussions? 

Dr. Gop: The treatment of cough seemed 
to be a fairly simple problem at first, but as I 
listened to the various discussions and reflected 
on them the subject seemed to grow in com- 
plexity. The questions that come up are numer- 
ous. Cough is commonly looked upon as an 
involuntary reflex performance. It is undoubt- 
edly that in a great many situations but it takes 
little effort to realize that cough mav be a purely 
voluntary physiologic act. There is the chain 
smoker who develops a troublesome cough. He 
arises in the morning and as he takes a few 
breaths he becomes aware of mucous moving 
up and down in the trachea. He promptly 
starts to cough for the purpose of dislodging it. 
This is a purely voluntary act. As he goes on 
with it, however, the cough may be changed 
from a voluntary performance to an involuntary 
reflex due to stimulation from the plaques of 
mucus which he was unsuccessful in dislodging 
completely. He ceases smoking for a period of 
days or weeks and the cough vanishes. Little 
is gained by the use of cough remedies in such 
cases. 

There are the patients with minor irritation 
of the upper respiratory passages which gives 
rise to a mild cough and perhaps colorless ex- 


pectoration. In the course of time a secondary 
infection changes the character and quantity of 
the mucus, and with these there is an increase 
in the intensity of the morning period of cough- 
ing. In such cases the cessation of smoking and 
a few doses of penicillin promptly bring the 
mucus back to the colorless state and also bring 
the severe morning cough under fairly complete 
control. So far no cough medicines have been 
used. 

Reference has been made to the patient with 
allergic asthma. He is free of cough until he 
finds himself exposed to the particular allergen, 
such as dust or dander. He begins to wheeze 
and cough. This type of cough is often per- 
sistent, non-productive and exhausting. A small 
dose of epinephrine, perhaps no more than 
0.25 cc. of a 1:1000 solution given subcutane- 
ously, eliminates the wheeze and brings the 
cough under control within a matter of minutes. 
In these, the mechanism of the cough is proba- 
bly excitation of the sensory fibers in the respira- 
tory passages by swelling of the mucous mem- 
brane, and the control of the cough is not 
brought about by a specific cough remedy but 
by a drug which causes vasoconstriction with 
shrinking of the mucous membranes. 

Another special variety is that of the patient 
with a disorder of cardiac rhythm, especially 
frequent premature contractions. This is an 
annoying type of cough problem in which the 
respiratory passages do not seem to be involved 
directly at all. Every time the heart discharges 
an extra beat the patient coughs, probably as 
the result of a reflex arising from the heart or 
great vessels. Most patients pay little or no atten- 
tion to it but there are some in whom the 
cough caused in this way may prove very 
disquieting. 

The case of cough resulting from congestive 
heart failure is of particular interest. It is well to 
emphasize this variety for it is frequently over- 
looked, and patients are treated for long periods 
of time with various cough remedies without 
avail. The misleading trick here is the fact that 
cough may be the patient’s only presenting 
symptom. On careful questioning one may 
elicit an equivocal history of shortness of 
breath on exertion but a large proportion of 
these patients are free of physical signs of con- 
gestive failure; no pulmonary rales, no enlarge- 
ment of the heart, no enlargement of the liver 
and no edema of the extremities. One’s atten- 
tion is sometimes focused on this group by the 
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fact that the cough is most troublesome when 
the patient lies down at night and is relieved 
by propping the head with extra pillows. But 
these matters come to light only if the physician 
has the problem in mind and asks the proper 
questions. The common cough remedies are 
of little or no value in these cases but the 
response is dramatic when the patient is digital- 
ized or placed on a system involving a low salt 
diet and two or three injections of a mercurial 
diuretic per week, or as frequently as is necessary. 

Then there are the patients with primary 
cardiac disease and advanced mitral stenosis. 
In these the pulmonary vascular pressure often 
rises considerably. Pulmonary congestion is the 
dominant state. The congestion may be so 
pronounced that not only is cough brought on 
but also the cough may be associated with 
bloody expectoration. Slight infection superim- 
posed on this type of pulmonary state often 
results in diffuse pulmonary rales and signs 
suggesting acute bronchitis or pneumonia. 
These patients often present a history of having 
had numerous attacks of pneumonia, these 
attacks having been, in fact, not pneumonia at 
all but the result of superimposed minor 
respiratory infection on a pulmonary membrane 
in which the capillaries were already highly 
distended. A few days of complete rest with 
elevation of the head to reduce pulmonary 
vascular pressure often suffices, in this group, to 
bring to an end a most troublesome type of 
cough with bloody expectoration. The results 
are greatly aided by digitalization, mercurial 
diuretics and salt-restricted diet. 

I am not certain that it is a fact but I have 
the impression that, at least as often and perhaps 
more often than not, the control of cough lies in 
measures other than specific cough remedies. 

Dr. CATTELL: Dr. Lansdown, I would like 
to ask a question concerning your choice of 
preparations. I notice that you have listed 
ephedrine, epinephrine and vaponefrin. Why 
all of them? 

Dr. Lanspown: I have been using ephedrine 
in sinusitis because huge quantities are needed 
and the drug is not very costly. I prescribe 
vaponefrin for patients with marked bronchiolar 
spasm and emphysema for use as an inhalant. 
The patient takes it himself and is not dependent 
on the doctor for an injection. 

Dr. I think we should draw atten- 
tion to the fact that vaponefrin is simply 
epinephrine marketed with an atomizer for 


JANUARY, 1953 


oral inhalation. Vaponefrin was advertised with 
claims of superiority. The Council on Pharmacy 
and Chemistry investigated the matter and 
reported on it in the Journal of the American 
Medical Association on September 26, 1942. It 
turned out that vaponefrin is an approximately 
1:40 solution of racemic epinephrine provided 
for inhalation. It is therefore just a little more 
potent than the 1:100 NNR epinephrine solu- 
tion for use by inhalation, because U.S.P. 
epinephrine is levorotatory and the racemic form 
represents equal parts of levo- and dextro- 
rotatory compounds, the dextrorotatory com- 
pound being only about 1/5 as potent as the 
levocompound. 

Dr. WALTER MOopDELL: Does the epinephrine 
inhalant or vaponefrin produce its effect by a 
local action or after absorption? 

Dr. CatTTeL_: There is some controversy 
about that point. It is said that the action is 
local. I would like to see some satisfactory proof. 


SUMMARY 


Dr. Go p: I think that one of the most useful 
aspects of the discussion today on the treatment 
of cough is the perspective that was developed 
in relation to this problem. The fact that a 
patient has a cough does not indicate that he is 
in need of treatment for it. Some coughs are a 
kind of nuisance which the patient might be 
allowed to bear without treatment. There are 
conditions in which the need is not to stop a 
cough but to produce one. That cough is not 
always an involuntary reflex activity, but often 
a voluntary action controlled by the patient, is 
a view which is not commonly formulated in 
writings on the subject. 

That treatment of cough is more than the 
choice of a cough remedy is a fruitful approach 
to the problem. Questions that need to be dealt 
with before treatment were brought to our 
attention: Is the origin of the cough a sinusitis, 
tracheitis, bronchitis, infection in the pulmonary 
alveoli, a dry pleurisy, or some disorder outside 
of the lungs; is the origin an infection or a tumor 
or enlarged lymph nodes? 

Some of the essential measures in the manage- . 
ment of cough were enumerated and described, 
namely, constant temperature in the patient’s 
atmosphere, warmth, the ice collar and the 
vaporizer. We received some instruction in the 
technic of applying vaporizers, poiats regarding 
their dangers and a view on the utility of 
medicated vapors. The place of postural drain- 
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age and the technic were elaborated. In chronic 
coughs emphasis was placed on the need of 
educating the patient to make the best use of 
the cough, to avoid unnecessary troubles from 
_ noisy blasts and emptying the lungs of material at 
the appropriate time so as to curtail the degree 
to which the cough interferes with the patient’s 
social life and rest at night. 

Only a few medications for the treatment of 
cough were mentioned and attention was called 
to the fact that much disagreement exists in the 
choice of cough remedies. It seems to be a field 
in which polypharmacy and shotgun mixtures 
have enjoyed immunity from attack, for it 
makes very little difference what the ingredients 
are or how many are included if the mixture 
only expresses the art of mixing palatable mate- 
rials. However, the cough remedy, if seriously 
considered, is more than a palatable or un- 
palatable vehicle. The principle was elaborated 
that, aside from the flavoring materials, the 
cough mixture which is taken by mouth contains 
one or another irritant, nauseant or emetic 
which by a reflex action causes a change in the 
respiratory secretions. In patients with cough 
these may be either too abundant, too scant, too 
thick or too tenacious. The suggestion was made 


that the term “expectorant’’ be confined to 
these peripherally acting materials. In addition, 
there is the opiate, the action of which is central 
to depress the cough mechanism in the central 
nervous system. All potent cough remedies, 
therefore, contain an opiate and an expectorant, 
and these two are put into an appropriate 
vehicle. There are different expectorants such 
as terpin hydrate, antimony and potassium 
tartrate, ipecac and others. There are also 
different opiates such as codeine, dionin, mor- 
phine and others. We were left without a precise 
answer to the question of choice. Is there 
evidence that any particular expectorant or 
opiate in a cough mixture is more effective than 
any other for all coughs or any particular kind of 
cough? The choice seems to be based upon use 
and familiarity. 

In addition to the foregoing matters the con- 
ference explored other items of interest in con- 
nection with cough, such as the mode of action 
of iodides, the special problems of treating 
cough in children, the surgical approach to some 
kinds of cough, the wide variety of conditions 
producing cough and requiring medical treat- 
ment but not the specific cough remedy and the 
place of bed rest in the management of cough. 
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Clinico-pathologic Conference 


Hepatomegaly, Ascites and Hepatic Failure! 


TENOGRAPHIC reports, edited by Robert J. Glaser, M.p. and David E. Smith, m.p., of 
weekly clinico-pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School of 
Medicine and by Junior and Senior medical students. 


HE patient, C. W. (No. 212996), was a 

farmer and merchant, fifty-seven years of 

age, who was admitted to the Barnes 
Hospital for the first time on August 12, 1952, 
complaining of anorexia, weakness and ab- 
dominal distention. The family history was of 
interest in that the patient’s father had died at 
the age of forty-nine of heart disease, one 
brother had died of “‘a heart attack” and another 
brother was said to be suffering from heart 
disease. The patient himself had enjoyed 
generally good health. Although he had con- 
sumed a moderate amount of alcohol for a 
period of years, his diet had always been ade- 
quate. In the two-year period prior to the 
onset of the present illness, the patient stated 
that his health had deteriorated somewhat. 
During this period he had had an appendec- 
tomy from which he recovered uneventfully, but 
he did not recall any other specific complaints. 

Seven years before admission he suddenly 
developed a severe, aching, constant pain in 
the left flank, associated with anorexia and 
weakness but not with urinary symptoms. He 
could give no other information about the ill- 
ness. He was admitted to an outside hospital 
where splenectomy was performed, and for one 
year thereafter he received frequent blood 
transfusions. During this period his health 
gradually improved and he was able to return 
to work. During the following three years he did 
quite well. He then developed sudden epi- 
gastric pain which his physician considered to 
be cardiac in origin, and he was kept in bed for 
one month and given digitalis. A chest film taken 
at this time was said to have shown the heart 
to be normal in size. The patient was told that 
the film showed that he had inactive fibrous 
pulmonary tuberculosis. 

In the next two years he indulged in mild 
physical activity. During this period he had one 
episode of massive hematemesis for which he 
received blood transfusions. He was told that 
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he had a gastric ulcer and an ulcer diet was 
prescribed. One year before entry the patient 
experienced several attacks of severe precordial 
pain and eventually developed the signs of myo- 
cardial infarction. Following recovery from the 
acute episode, he remained physically incapaci- 
tated, his appetite diminished and in the course 
of the year he lost about 40 pounds. A month 
before his admission to the Barnes Hospital, he 
developed progressive weakness and fatigue. 
His urine became dark in color, his stools light 
and progressive abdominal distention developed. 
The patient denied jaundice during the month 
prior to entry. On the day before admission a 
paracentesis was done with removal of ascitic 
fluid, and the patient was then referred to the 
Barnes Hospital. 

Physical examination at the time of entry 
revealed his temperature to be 36.5°c., pulse 86, 
respirations 22 and blood pressure 118/90. 
The patient was a well developed but poorly 
nourished man who appeared chronically ill. 
The skin and sclerae revealed a moderate degree 
of icterus and there were scattered small ec- 
chymotic areas over the body, particularly at 
the site of hypodermic injections. The pupils 
reacted normally to light and accommodation. 
The fundi showed only moderate arteriosclerotic 
changes. Dried blood was noted in the left 
nostril. Examination of the upper respiratory 
tract was otherwise not remarkable. There was 
no generalized lymph node enlargement. Ex- 
amination of the lungs revealed bilateral dullness 
to percussion and diminished breath sounds 
below the sixth rib anteriorly, and laterally and 
posteriorly at the same level. Fine and medium 
coarse rales were heard over the remainder of 
the lung fields. The heart was essentially normal 
to examination. The abdomen was protuberant, 
and there was a draining paracentesis wound 
just below the umbilicus. ‘The abdominal veins 
were distended with blood flow being cephalad. 
A fluid wave and shifting dullness were easily 
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demonstrable. The liver edge was palpable 
5 cm. below the costal margin and was firm 
and somewhat tender. No other organs or 
masses were felt. The left testis was atrophic. 
Moderate presacral, scrotal and ankle edema 
were present. The neurologic examination was 
within normal limits. 

The laboratory data were as follows: Blood 
counts: red cells, 5.11 million; hemoglobin, 
13.9 gm.; white cells, 24,000; differential count: 
basophils 1 per cent, eosinophils 5 per cent, 
stab forms 2 per cent, segmented forms 78 per 
cent, lymphocytes 10 per cent, monocytes 4 per 
cent. There was moderate anisocytosis of the red 
blood cells. Platelet count, 63,450. Clotting 
time: 7 minutes. Bleeding time: 4 minutes. 
Urinalysis: specific gravity, 1.017; reaction, 5.0: 
albumin, 1+; sugar, negative; microscopic, 
negative; urobilinogen, negative; bilirubin, 
positive. Stool guaiac, trace. Cardiolipin test: 
negative. Sputum: negative for acid-fast bacilli. 
Blood chemistry: non-protein nitrogen, 33 mg. 
per cent; sodium, 134.5 mEq./L; potassium, 
4.4 mEq./L; chloride, 101 mEq./L; CO2 com- 
bining power, 25.7 mEq./L; total proteins, 
6.9 gm. per cent; albumin, 2.3 gm. per cent; 
globulin, 4.6 gm. per cent; sodium bilirubinate, 
2.66 mg. per cent; bilirubinglobin, 4.84 mg. 
per cent; total bilirubin, 7.5 mg. per cent; 
alkaline phosphatase, 9 Bodansky units; 
prothrombin time, 31 per cent of normal; 
cephalin-cholesterol flocculation test, 3+; zinc 
flocculation test, 3+ ; thymol turbidity, 2.1 units. 
Electrocardiogram: findings consistent with old 
posterior myocardial infarction. 

The patient’s hospital course was one of 
progressive deterioration. He was given a high 
protein, high calorie diet but his oral intake was 
unsatisfactory and parenteral feedings were 
necessitated. Despite massive doses of vitamin K 
intravenously, there was no change in the pro- 
thrombin time. Because of the patient’s critical 
condition, neither a liver biopsy nor x-ray 
studies, both of which were planned, could be 
performed. The patient bled massively from 
the gastrointestinal tract and required multiple 
transfusions. The non-protein nitrogen rose to 
50 mg. per cent; and although large amounts of 
parenteral fluids were given, the sodium fell to 
129.5 mEq./L. and the potassium rose to 
6.2 mEq./L. Jaundice progressively deepened. 
The patient complained of upper abdominal 
pain and became increasingly restless and 
mentally confused. Shortly before death he 


again vomited large amounts of bright red 
blood. His blood pressure became unobtainable, 
he lapsed into deep coma and expired quietly 
on August 19, 1952. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This patient 
evidently had several diseases, including cirrho- 
sis of the liver, coronary atherosclerosis and 
myocardial infarction and possibly pulmonary 
tuberculosis in an inactive stage. Since his liver 
disease probably was responsible for his death, 
it will be profitable to consider this aspect of the 
case in detail. The history suggests that the 
patient’s health first became impaired about 
ten years before entry, although he was unable 
to describe any specific symptoms which he had 
during this period. Seven years before entry, 
however, he suffered an attack of left-sided 
abdominal pain. He was subjected to splenec- 
tomy, and subsequently received multiple 
transfusions during the ensuing one-year period. 
Unfortunately, we lack information concerning 
the indications for splenectomy. It is of interest, 
however, that for a three-year period, beginning 
one year after splenectomy, the patient ap- 
parently enjoyed good health. Then he de- 
veloped evidence of progressive coronary artery 
disease and he had one episode of hematemesis. 
In the year before entry his health failed seri- 
ously, and by the time he entered the Barnes 
Hospital he was in critical condition. Dr. Moore, 
would you begin the discussion by considering 
the indications for splenectomy in patients with 
cirrhosis. 

Dr. Cart V. Moore: In the presence of con- 
gestive splenomegaly or secondary hypersplen- 
ism one is justified in recommending splenec- 
tomy in cirrhotic patients. Hypersplenism can 
manifest itself either by hemolytic anemia, 
thrombocytopenic purpura or more rarely by 
granulocytopenia. Insofar as the case under 
discussion is concerned it is impossible to tell 
why the spleen was removed, although the 
patient presumably had anemia, perhaps due 
to Banti’s syndrome. It seems likely that he 
continued to bleed after splenectomy for he was 
given transfusions frequently in the following 
year. Then apparently the bleeding ceased and 
the patient did well for three years. It is also 
possible that originally the patient had a hemo- 
lytic anemia which did not respond to splenec- 
tomy, thus necessitating the transfusions. If the 
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hemolytic anemia were related to the liver 


disease, it would have to be termed a sympto-— 


matic hemolytic anemia. On the other hand, 
acquired hemolytic anemia, unrelated to the 
liver disease, may have been present. If so, 
splenectomy was ineffective. An _ interesting 
feature of this case is that prior to splenectomy, 
the patient had left upper quadrant pain. 
When such pain is associated with splenomegaly, 
it is usually due to an extremely large spleen or 
to an infarct or perisplenitis. It is not possible to 
differentiate between these on the basis of the 
information at hand. 

Dr. ALEXANDER: The term Banti’s syndrome 
is frequently confusing. Would you clarify it 
for us. 

Dr. Moore: There is no uniform agreement 
as to what name one should use for the syndrome 
of congestive splenomegaly and _ hemolytic 
anemia or thrombocytopenia. The term hyper- 
splenism has also been used. I see no objection 
to the use of ““Banti’s syndrome”’ as long as it is 
recognized that in Banti’s syndrome the splenic 
abnormality is congestive in nature and is 
secondary to the lesion producing splenomegaly. 

Dr. ALEXANDER: If the spleen is removed in 
so-called Banti’s syndrome, is the treatment 
usually successful? As you have pointed out, 
this patient did quite well for a number of years 
after operation. 

Dr. Moors: It is believed by some clinicians 
that splenectomy may result in improvement 
as far as hemolytic anemia or thrombocytopenia 
is concerned, but bleeding from esophageal 
varices remains a serious hazard. There is one 
point in the history, Dr. Alexander, which sug- 
gests that this patient may not have had con- 
gestive splenomegaly but rather idiopathic 
acquired hemolytic anemia. Because of the lack 
of adequate data one can only speculate at best, 
but it should be remembered that the patient’s 
platelet count was 63,000 at the time of his ad- 
mission to this hospital. If he had had con- 
gestive splenomegaly causing hemolytic anemia, 
there would be no adequate explanation for 
the thrombocytopenia which developed sub- 
sequently to splenectomy. On the other hand, 
if he originally had idiopathic acquired hemo- 
lytic anemia, it is clear from the work of Evans 
and others! that thrombocytopenia is frequently 
associated with idiopathic acquired hemolytic 


1 Evans, R. S., TAKAHASHI, K., DuANE, R. T., PAYNE, 
R. and Liv, C. Primary thrombocytopenic purpura and 
acquired hemolytic anemia. Arch. Int. Med., 87: 48, 1951. 
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anemia, not necessarily concomitantly. Thus an 
individual may have hemolytic anemia at one 
time and thrombocytopenic purpura at another. 

Dr. ALEXANDER: It seems clear that when the 
patient entered the hospital, he exhibited the 
signs of hepatic failure. Dr. Shank, the statement 
is made that the patient drank a moderate 
amount of alcohol for a period of years but took 
an adequate diet. Would you discuss the current 
concepts regarding diet and alcohol in the 
etiology of cirrhosis? 

Dr. Rosert E. SHANK: A history of excessive 
intake of alcoholic beverages has been obtained 
in about 50 to 70 per cent of the cases of portal 
cirrhosis studied in various clinics throughout 
the United States. Frequently, in association 
with excessive alcoholic intake, patients take 
inadequate diets, particularly in regard to 
protein and other protective nutrients. It should 
be emphasized, however, that there are parts 
of the world where cirrhosis is common and 
alcoholism uncommon. For example, cirrhosis 
is one of the chief causes of death among 
Hindus, yet this group of people does not drink 
alcohol because of their religious beliefs. Their 
diets, however, are low in protein and in some 
of the water-soluble vitamins. Similarly, among 
certain natives in the southern part of Africa 
cirrhosis of the liver is common, although the 
intake of alcohol is much lower than in the 
United States. I think that the available evi- 
dence indicates that an inadequate diet is of 
prime importance in the development of cirrho- 
sis. Whether or not alcohol functions as a toxin 
per se is still a matter of question in my opinion, 
but there are those who hold to this view. 
Certainly it merits further consideration. 

Dr. ALEXANDER: Does a significant number 
of patients with hepatitis eventually develop 
portal cirrhosis? 

Dr. SHANK: Certainly some do. The experi- 
ence is variable. In some clinics as many as 10 
to 20 per cent of the patients who die of portal 
cirrhosis have histories of previous viral epi- 
demic hepatitis. I do not believe, however, that 
the importance of viral hepatitis in development 
of portal cirrhosiscan be definitively evaluated yet. 

Dr. ALEXANDER: In view of your concepts 
about the etiology of cirrhosis, would you sum- 
marize the measures which you consider most 
important insofar as treatment is concerned. 

Dr. SHANK: One of the major problems which 
the physician faces in treating patients with 
cirrhosis is to get them to eat an adequate diet— 
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one containing sufficient protein and adequate 
amounts of water-soluble vitamins. It is of 
interest in this regard to consider the case under 
discussion. This patient, like many others with 
cirrhosis, gave a history of rather prolonged 
anorexia, and thus of poor dietary intake, prior 
to the development of hepatic failure. It may 
be most difficult, and sometimes impossible, to 
get these patients to eat adequately. In addition 
to a proper diet it has been recommended that 
lipotropic substances be given—choline, inositol 
and methionine. It is questionable if these sub- 
stances are needed by those patients who eat a 
sufficient diet. On the other hand, they may 
have a place in the treatment of acute fatty 
infiltration of the liver. 

Dr. ALEXANDER: Would you comment on 
the use of crude liver extract in the treatment 
of cirrhosis? 

Dr. SHaANnk: During World War u, in studies 
carried on at the Rockefeller Institute, we gave 
large doses of crude liver extract intramuscu- 
larly to patients with cirrhosis, and were im- 
pressed by the therapeutic response. Because the 
dose which could be given by the intramuscular 
route was limited, we prepared an extract for 
intravenous use which we gave in amounts up 
to 150 cc. weekly. It was our belief that the 
patients who received the extract intravenously 
did well. We were unable to characterize the 
effective principle or principles in the prepara- 
tion. We were impressed by the fact that in 
patients who were anoretic and had eaten 
poorly the intravenous extract appeared to en- 
hance the appetite and the dietary intake. At 
present there is only one crude liver extract of 
comparable type available, and it unfortunately 
often causes vasomotor collapse. For this reason 
we do not employ it. The fact remains that if 
one can induce patients with cirrhosis to increase 
their diet to adequate amounts, one may help 
them to improve significantly. 

Dr. ALEXANDER: Dr. Mendeloff, would you 
comment on the liver function tests which were 
done on this patient? These studies were limited 
by the patient’s downhill course. 

Dr. ALBERT I. MENDELOoFF: In general, the 
results of the liver function tests were similar to 
those often found in patients with chronic liver 
disease. Abnormal cephalin-cholesterol floccula- 
tion tests are common in cirrhotic patients with 
jaundice, but the test is often negative when 
the liver is reasonably well compensated. Zinc 
flocculation is a specific measure of gamma 


globulin increase; the 3+ result in this case is 
compatible with the hyperglobulinemia re- 
corded. An abnormal zinc flocculation test, 
coupled with reversal of the albumin-globulin 
ratio, is typical of parenchymatous liver disease. 
The normal thymol turbidity test is not an un- 
usual finding in chronic liver disease, and may 
be related to the relatively low serum lipid 
which some patients with advanced cirrhosis 
exhibit. Slight elevation of the alkaline phos- 
phatase is a common finding in both acute and 
chronic forms of liver disease. A prothrombin 
time 31 per cent of normal is also in the range 
found in serious chronic liver disease, and of 
course is the result of the inability of the liver to 
synthesize prothrombin. When hypoprothrom- 
binemia is due to hepatocellular damage, mas- 
sive doses of vitamin K parenterally are almost 
always without avail. 

Dr. ALEXANDER: Would you comment on the 
fractional bromsulphalein clearance test? in 
which you are interested? 

Dr. MeEnbeEtorF: The test is not specific, but 
indicates the per cent of total plasma volume 
cleared of the dye per unit time. This value is 
uniformly reduced to levels of 3 to 6 per cent 
per minute in patients with portal hypertension 
complicating chronic liver disease. The test is 
sensitive and may be the only clue to the 
existence of severe liver disease when many 
other so-called liver function tests are normal. 

Dr. ALEXANDER: It is said that liver function 
does not become critically impaired unless 
80 per cent of the liver is destroyed. Since this 
patient died in liver failure, Dr. Scheff, one may 
reasonably assume that his liver was for the most 
part destroyed. It would seem somewhat un- 
usual, therefore, that it was so large. Would you 
comment on this point, Dr. Scheff? 

Dr. Haroip ScuerF: Because regeneration 
of hepatic cells is a common feature of serious 
liver disease, the liver may be quite large in 
advanced cirrhosis although, as you suggest, 
late in the disease it usually is not. The size of 
the liver in this case may indicate the presence 
of another lesion, i.e., a tumor. 

Dr. ALEXANDER: Do you believe that re- 
generative cells function? In other words, is it 
possible for a patient to die of liver failure when 
the liver is the site of active regeneration? 


2 INGELFINGER, F. J., BRADLEY, S. E., MENDELOFF, 
A. I. and Kramer. P. Studies with bromsulfalein. 1. Its 
disappearance from the blood after a single intravenous 
injection. Gastroenterology, 11: 646, 1948. 
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Dr. ScuerrF: Liver failure certainly occurs in 
the presence of regeneration. 

Dr. SHANK: I would like to agree with Dr. 
Scheff. Considerable regeneration of hepatic 
tissue is frequently noted in the microscopic 
sections of livers from patients who have died 
in hepatic coma. 

Dr. ALEXANDER: Then we will accept the 
possibility that the patient’s liver may have 
been large because of active regeneration. 
Dr. Scheff, you remarked that the liver could 
have been the site of a tumor. Would you en- 
large on this suggestion? 

Dr. ScuerF: Patients with cirrhosis of the 
liver are more apt to develop hepatomas than 
are normal individuals, and in view of the degree 
of hepatomegaly, the diagnosis of hepatoma 
should be considered. 

Dr. ALEXANDER: Do you think fatty infiltra- 
tion is a likely explanation of the large liver? 

Dr. ScuerF: Although fatty infiltration can 
produce hepatic enlargement, it is a feature of 
early rather than of late cirrhosis. I don’t be- 
lieve it is likely in this case. 

Dr. ALEXANDER: May we now turn to the 
cardiovascular problem. Dr. Smith, this patient 
gave a history compatible with myocardial in- 
farction. He presumably had marked physical 
limitation because of coronary artery disease, 
and when he was admitted the findings in- 
cluded bilateral pleural effusion, pulmonary 
congestion as evidenced by the presence of 
many moist rales, edema and ascites. His heart 
was normal in size and the blood pressure was 
not elevated. Dr. Owen, who was taking care 
of the patient, told me that an x-ray of the chest, 
taken three weeks before the patient was ad- 
mitted to the Barnes Hospital, confirmed the 
fact that the patient’s heart was normal in size. 
An electrocardiogram showed the changes of an 
old infarction. On the other hand, as I went 
through the record carefully, I found no men- 
tion that the patient had ever experienced 
dyspnea or orthopnea, and it was specifically 
stated that his neck veins were not distended. 
Considering all of these observations, do you 
think the patient was suffering from cardiac 
failure? 

Dr. James Owen: I would like to add one 
other bit of information, Dr. Alexander, namely, 
that the patient’s circulation time with decholin 
was 16 seconds. 


Dr. R. SmirH: Certainly some of the 


clinical features—ascites, edema, pleural ef- 
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fusion and pulmonary congestion—are sug- 
gestive of heart failure. On the other hand, when 
congestive heart failure proceeds to such an 
extent that the aforementioned signs are noted, 
usually the venous pressure is distinctly elevated, 
cyanosis is commonly present, cardiac enlarge- 
ment is noted and one expects the patient to 
complain of dyspnea. The diagnosis of coronary 
artery disease cannot be questioned, and the 
myocardium was probably seriously compro- 
mised as a result. Nonetheless, I would find it 
difficult to make an unequivocal diagnosis of 
congestive heart failure because of the reasons I 
have mentioned. 

Dr. ALEXANDER: If it is assumed that the 
patient did not have congestive heart failure, 
Dr. Goldman, can you explain the bilateral 
pleural effusion and rales on the basis of pulmo- 
nary disease? The patient was once told that he 
had inactive tuberculosis. 

Dr. ALFRED GOLDMAN: No, I can’t. Despite 
the reported x-ray changes of inactive tuber- 
culosis, there is little in the history or in the 
course of the patient’s illness to suggest that 
tuberculosis played any part, and there is 
nothing to suggest any other pulmonary disease. 

Dr. ALEXANDER: Dr. Karl, is edema of the 
lower extremities common in the presence of 
ascites and portal cirrhosis? 

Dr. M. Kar.: Yes, it is and usually 
arises on the basis of several factors. First, the 
serum albumin is so low that the osmotic pres- 
sure of the blood is significantly decreased. 
Second, the presence of ascites may compress 
the vena cava to a considerable extent and favor 
the development of edema. 

Dr. ALEXANDER: Would you comment on the 
evidence that hormonal influences may also be 
active. 

Dr. Karu: There are data which suggest, 
that in cirrhosis an excess of pituitary anti- 
duretic factor influences the retention of fluid. 
Sodium retention has not only been demon- 
strated by the finding of decreased sodium in 
the urine but also in tears and sweat. All of these 
factors may be operative in a given case. 

Dr. ALEXANDER: What form of treatment is 
preferable in your opinion for patients with 
severe liver disease and ascites? 

Dr. Kart: First of all, I would like to add 
to Dr. Shank’s comments on the use of crude 
liver extract. There is evidence to suggest that 
the administration of crude liver may enhance 
the excretion of antidiuretic factor. Further, 
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there are those who believe that crude liver 
extract contains growth factors which are of 
value in hepatic regeneration. Liver is probably 
a good source of lipotropic substances, perhaps 
more so than choline, methionine or other 
preparations. Dr. Ralli* has shown in a careful 
study that the administration of crude liver is 
probably more effective than any other single 
therapeutic measure in reducing ascites. Indeed, 
her data suggest that crude liver is even more 
valuable than a low sodium diet. Other measures 
which may be employed include the use of 
mercurial diuretics and paracenteses. The latter 
procedure has its disadvantage in that the 
protein content of ascitic fluid is high, and the 
frequent removal of ascitic fluid constitutes an 
added drain on protein. Although protein is 
probably of little value while in ascitic fluid, if 
the fluid can be resorbed, the protein therein 
becomes useful again. Finally, general sup- 
portive measures such as bed rest may be 
beneficial. 

Dr. ALEXANDER: On the basis of what has 
been said, we can perhaps account for many of 
the findings which suggest cardiac failure on 
the basis of the liver disease, but we still have 
not explained the bilatera! hydrothorax and the 
presence of rales. Dr. Bukantz, do you have any 
suggestions about this aspect of the problem? 

Dr. SamMuEL C. Bukantz: It is conceivable 
that the pleural effusions arose on the same 
basis as the ascites and edema, primarily hypo- 
albuminemia and sodium retention. 


Dr. ALEXANDER: It seems to be the consensus | 


that the patient probably did not have con- 
gestive failure, and that the fluid retention was 
due to liver disease. Dr. Scheff, you suggested 
that a hepatoma, developing in a cirrhotic 
liver, could have explained the very large liver. 
Do you think it is likely that the tumor had 
metastasized to the pleurae? If so, the pleural 
effusion could be explained on that basis. 

Dr. Scuerr: Yes, hepatomas metastasize 
widely, and commonly to the chest. 

Dr. ALEXANDER: I had occasion to look up 
statistics bearing on this point and found that 
in one large series 20 per cent of the patients 
with hepatomas had metastases to the pleurae. 

Dr. BuKANTz: In view of the fact that the 


3 E. P., S. H., Sruecx, G. H., Jr., 
SHorr, H. E, Rosson, J. S., Crarxe, D. H. and 
Lacen, B. The course of cirrhosis of the liver in patients 
treated with large doses of liver extract intravenously. 


Medicine, 28: 301, 1949. 


104 Clinico-pathologic Conference 


patient is said to have had a gastric ulcer, 
the possibility of carcinoma of the stomach 
with hepatic and pleural metastases is worth 
mentioning. 

Dr. Karu: When I saw this patient in con- 
sultation with Dr. Owen, the explanation of the 
large, hard liver was not clear. The findings 
did not suggest that fatty infiltration was re- 
sponsible for the size of the liver. As mentioned 
earlier, considerable regeneration of hepatic 
tissue could have resulted in a large, hard liver. 
But if one assumes that the thymol turbidity 
test is an index of regenerating liver, the normal 
result of the test in this case is against much 
regeneration. Further, the combination of a 
very large liver and rapidly reaccumulating 
ascitic fluid is not common in terminal liver 
failure. Rather the liver is apt to be normal in 
size or even small. Since neither fatty infiltration 
or regeneration of the liver was compatible with 
the clinical picture, primary or secondary 
carcinoma was considered. Hepatoma seemed 
more likely because of the high incidence of 
hepatoma in cirrhosis. Metastatic tumor to the 
liver would have necessitated relegating cirrhosis 
to the category of an “incidental finding.” In 
any case, there could be no doubt that the 
patient had cirrhosis of advanced degree. 

Dr. Bukantz: Do the liver function studies 
enable one to differentiate diffuse parenchymal 
involvement from carcinomatous infiltration? 

Dr. MEeENDELOFF: Usually when there is 
extensive carcinoma in the liver without under- 
lying parenchymal disease, the alkaline phos- 
phatase tends to be high but the bilirubin is 
usually not elevated significantly. This pattern 
is not always observed under such circumstances 
but it is common. As has been mentioned, the 
results of the various tests in this case were 
typical of cirrhosis. A somewhat unusual feature 
of the case was the fact that the patient was 
fifty years old when he apparently had con- 
gestive splenomegaly as the first sign of the 
disease. 

Dr. FREDERICK G. GERMuUTH: I would like to 
clarify the statistics relating hepatomas to cir- 
rhosis. Approximately 5 per cent of patients with 
cirrhosis develop hepatomas. On the other hand, 
if one considers the question from the point of 
view of hepatomas, it is found that 70 per cent 
of these tumors arise in cirrhotic livers. 

Dr. ALEXANDER: We are in agreement, I 
think, that cirrhosis of the liver, probably with 
a hepatoma, is the most likely diagnosis with 
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metastatic carcinoma of the liver, originating 
in the stomach, as an unlikely second choice. 

Clinical Diagnoses: Cirrhosis of the liver; 
hepatoma with metastases to the pleurae; ? 
carcinoma of the stomach with metastases to 
the liver and pleurae. 


* 
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Fic. 1. Below, a section through the liver showing diffuse nodular cirrhosis and a large nodule of variegated 
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in the left lobe and was surrounded by small 
satellite nodules. It invaded the portal vein, 
which was occluded by thrombus and tumor. 
The tumor also grew into the hepatic veins and 
into the inferior vena cava, as is shown in the 


tumor in the left lobe; above, the inferior vena cava as it passes through the pancreas is invaded and filled 


by tumor. 


Fic. 2. Cirrhosis of the liver with a well delineated nodular pattern; many lymphocytes in the stroma suggested 


some activity of this process. 


Fic. 3. Hepatoma with markedly pleomorphic and anaplastic cells. 


Fic. 4. The heart showing a thrombus of tumor and clotted blood that entered through the inferior vena cava, 
filled most of the right atrium and extended through the tricuspid valve into the right ventricle. The heart is 
viewed from the rear with the septum and left ventricle raised upward. 


PATHOLOGIC DISCUSSION 


Dr. FREDERICK G. GERMUTH: Fresh - blood 
was present in the oral cavity and nose at the 
time of autopsy and the tissues were moder- 
ately icteric. Gross examination of the liver 
showed diffuse nodular cirrhosis, as illustrated 
in Figure 1. The liver was composed of small 
nodules of hypertrophic hepatic tissue between 
septa of dense grey fibrous tissue. Superimposed 
upon the cirrhosis was a large nodule of white, 
firm tumor in which there were foci of hemor- 
rhage and yellow necrosis. The main tumor was 
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upper portion of Figure 1. The episode of 
ascites and edema of the legs which developed 
late in this patient’s history were probably 
related to the establishment of complete ob- 
struction by these tumor thrombi. Figure 2 
shows a microscopic section of a common type 
of cirrhosis with sharply outlined nodules. The 
presence of a fair number of lymphocytes in the 
fibrous tissue about the hypertrophic nodules 
suggested some activity despite the sharp de- 
limitation of the nodules themselves. There was 
no necrosis in this liver and remarkably little 
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congestion when one considers the obstruction 
of the hepatic vein. 

Sections of the tumor (Fig. 3) presented a 
bizarre, anaplastic picture with pleomorphic 
cells of various sizes and nuclear configuration. 
It was difficult to discern that this tissue was 


Fic. 6. A thrombus of pleomorphic hepatoma in a small branch of a pulmonary artery. These invaded vessels 
were constantly associated with the metastases of the tumor in the lungs. 


derived from cells of the liver, but this type of 
anaplastic hepatoma is well recognized and 
often occurs in association with foci of better 
differentiated tumor. The tumor that invaded 
the inferior vena cava extended into the right 
atrium of the heart as is shown in Figure 4. 
There it formed a large mass, which combined 
with the associated thrombus on its surface, 
extended through the tricuspid valve and into 
the right ventricle. The orifice of the superior 
vena Cava was not occluded and supplied the 
passageway by which venous blood returned 
to the heart after first draining through the 
usual collaterals of the portal and inferior vena 
caval systems. The histologic appearance of the 
tumor invading the atrium was considerably 
different from that in the section of the liver. 
As shown in Figure 5 it has a great many spindle 
cells which do not exhibit the degree of pleo- 
morphism of the primary tumor. This, never- 
theless, is also a histologic picture compatible 
with a hepatoma. 

In the lung there were extensive metastases 
of this tumor, particularly at the base of the 
right lung. They were usually subpleural, and 
in the midst of the metastases there were often 
thrombi in the small branches of the pulmonary 
arteries. Figure 6 is a picture of one of these 
thrombi of tumor in a small pulmonary artery. 
The lungs were otherwise essentially unre- 


markable except for a small area of healed 
tuberculosis in the apex of the right lung, and 
atelectasis of the lower lobe of the left lung. 
There was no fluid in the pleural cavities. 

In the esophagus there were greatly dilated 
submucosal veins. Although no particular point 
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Fic. 5. A hepatoma attached to the wall of the right atrium. The tumor here was composed predominantly of 
spindle cells. 


of perforation was demonstrated, a rupture of 
one of these veins was considered the most likely 
source of the 2,200 ml. of fresh and altered 
blood found in the esophagus, the stomach and 
small intestines. There were also in the duo- 
denum two ulcers which by both gross and 
microscopic examination showed little fibrous 
scarring, considerable edema, and sharp necrosis 
of tissue in their bases, changes indicative of 
acute and active ulcers. The hemorrhage did 
not appear to be associated with these ulcers, 
for there were no eroded vessels in their bases. 

The kidneys showed a slight degree of 
arteriolarnephrosclerosis. ‘The heart was slightly 
hypertrophied; it weighed 595 gm. including 
about 75 to 100 gm. of tumor. These observa- 
tions can be interpreted as evidence of the 
probable previous existence of hypertension. 
There were no other lesions of significance in 
the kidneys. The degree of vascular disease 
seemed hardly enough to account for the eleva- 
tion of non-protein nitrogen which was more 
likely due to the gastrointestinal hemorrhage 
rather than primary disease in the kidney. 
There was extensive arteriosclerosis of the 
aorta and coronary arteries with almost com- 
plete occlusion of the circumflex branch of the 
left coronary artery by an arteriosclerotic 
plaque. In the posterior wall of the left ventricle 
there was a large, healed infarct which by both 
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gross and microscopic examination showed no 
evidence of recent extension. 

In conclusion, this patient had diffuse nodular 
cirrhosis of an advanced degree. The cause of 
this lesion in the liver cannot be stated because 
this is the anatomic end picture of a number of 
known causes of cirrhosis. Superimposed upon 
cirrhosis was a primary carcinoma of the liver 
which extended into the portal and hepatic 
veins, the inferior vena cava, and the right 
atrium of the heart. There were metastases only 
in the lung, and these were most marked sub- 
pleurally and particularly at the base of the 
right lung. The remainder of the alterations 
were essentially those that came about as a 
result of portal hypertension; namely, ascites, 
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esophageal varices and the terminal event of 
rupture of one of the varices with massive 
gastrointestinal hemorrhage. 

Anatomic Diagnoses: Diffuse nodular cirrhosis 
of the liver; primary carcinoma of the liver, 
hepatic cell type, with extension into the portal 
vein, hepatic veins, inferior vena cava and 
right atrium; metastatic carcinoma beneath 
the pleura of all lobes of the lung; esophageal 
varices; hemorrhage into the esophagus, stom- 
ach and intestines. 


Acknowledgment: Illustrations were made by 
the Department of Illustration, Washington 
University School of Medicine. 
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Case Reports 


Reversible Metastatic Calcification Associated 
with Excessive Milk and Alkali Intake’ 


Pau WERMER, M.D., MARVIN KUSCHNER, M.D. and EDGAR A. RILEY, M.D. 
New York, New York 


ETASTATIC Calcification of various or- 
gans, the subcutaneous and _peri- 
articular tissues, first described by 

Virchow in 1855, may occur in a variety of 
conditions in which the blood serum is over- 
saturated with calcium and phosphorus.’ It 
has been described in diseases associated with 
extensive destruction of bone and in the late 
stages of chronic renal insufficiency. Recently 
Burnett and his co-workers” have discussed a 
new type of metabolic disturbance in which 
metastatic calcification may occur. These authors 
reported six cases of calcinosis associated with 
long-standing peptic ulcer, mild hypercalcemia 
and renal insufficiency in which the metastatic 
calcification appeared to be related to the pro- 
tracted ingestion of large amounts of milk and 
alkali. This syndrome, however, is not com- 
parable to the findings in acute alkalosis.* The 
hypercalcemia in this group of cases is unlike 
that of primary hyperparathyroidism in that it 


is not accompanied with increased urinary 


excretion of calcium or hypophosphatemia. 

Cases of metastatic calcification of the type 
described by Burnett are undoubtedly rare. 
Recently, we have observed a similar instance 
of widespread metastatic calcification associated 
with peptic ulcer and the prolonged ingestion 
of milk and alkali. The clinical picture was 
remarkably altered by dietary restriction of 
calcium intake, a feature that has not as yet 
been described. 


CASE REPORT 


E. B., a sixty-seven year old single white ex- 
seaman was admitted to Bellevue Hospital on 
February 1, 1949, with the complaints of ab- 
dominal pain and postprandial vomiting of 
several months’ duration. Since 1928 he had 
been hospitalized intermittently for pulmonary 


tuberculosis. He had had a chronic productive 
cough, occasional blood-streaked sputum, short- 
ness of breath and hoarseness for approximately 
one year. In 1936 he complained of intractable 
abdominal pain and repeated attacks of indiges- 
tion. A gastrointestinal study revealed a duo- 
denal ulcer and the patient was placed on a 
Sippy regimen. These symptoms subsided, but 
during the following twelve to thirteen years he 
maintained a diet averaging 2 to 3 quarts of 
milk daily, supplemented by Sippy powders, 
antacids and alkalis. For eight or nine years his 
diet had consisted almost entirely of milk sup- 
plemented by an occasional egg. During the 
eighteen months prior to admission the patient 
had noted the gradual development of slightly 
painful swellings on his back, right shoulder and 
right wrist. For approximately two months he 
had noted progressive weakness, weight loss, 
anorexia and pruritus. He denied melena or 
hematemesis. 

On physical examination the patient was a 
deaf, weak, emaciated, slightly confused elderly 
white male. His skin was dry and excoriated. 
At the inferior angle of each scapula was a non- 
tender, cystic, rubbery mass measuring approxi- 
mately 6 to 8 cm. in diameter, each one of which 
seemed attached to the underlying bone. Similar 
but more irregular masses were present at the 
right wrist and over the right acromioclavicular 
joint. There was no limitation of motion. A 
smaller, subcutaneous, fluctuant mass was noted 
over the proximal interphalangeal joint of the 
right fifth finger. Examination of the ocular 
fundi was negative. The cardiac findings were 
within normal limits. Blood pressure was 90/60 
mm. Hg. Examination of the lungs revealed 
diminished resonance over the right apex 
posteriorly with an occasional wheeze and per- 
sistent medium moist crepitant rales. There was 


* From the First Medical Division and Chest Service (Columbia University) and the Department of Pathology, Belle- 
vue Hospital, New York, N. Y. 
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mild generalized abdominal tenderness. The 
prostate was slightly enlarged but was not 
tender and was of normal consistency. 
Laboratory work-up revealed a_ negative 
serologic test for syphilis, hemoglobin 11 gm., 
red blood cells 3,190,000 per cu. mm. and a 
normal total and differential leukocyte count. 
Sputum concentrates were positive on two oc- 
casions for tubercle bacilli. Repeated urinalyses 
showed a low specific gravity ranging between 
1.007 and 1.010, and on several occasions im- 
paired ability to concentrate. There was a con- 
stant albuminuria and pyuria, the white cells 
occasionally occurring in clumps. Urine culture 
for pyogens showed a non-hemolytic staphylo- 
coccus aureus. Roentgenographic studies of the 
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Fic. 1. A, roentgenographic study of the chest onFebru- 
ary 9, 1949, shows bilateral pulmonary tuberculosis, 
, calcific masses attached to the inferior angles of both 
#4 scapulae and a portion of the calcified mass at the right 
M shoulder; B, a film of the right shoulder taken on 
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February 6th demonstrates the calcific mass ap- 
parently arising in the region of the subacromial bursa; 
C, roentgenographic view of the right wrist on Febru- 
ary 9th shows a calcific density in the region of the 
head of the ulna. 


chest, right wrist and right shoulder are repro- 
duced. (Fig. 1.) Repeated gastrointestinal 
barium studies showed an ulcer of the duodenal 
bulb. An electrocardiogram revealed auricular 
extrasystoles and changes thought to be com- 
patible with an old anterior wall infarction. 
The Q-T interval was normal. Phenolsulfonph- 
thalein excretion was less than 5 per cent. Blood 
urea nitrogen varied between 58 and 61 mg. per 
cent, and the alkaline phosphatase 3 to 5 
Bodansky units. On several occasions the serum 
calcium ranged between 10.8 and 11.8 mg. per 
cent, and the serum phosphorus between 3 and 
5 mg. per cent. Acid phosphatase was 1 King- 
Armstrong unit, the serum cholesterol 230 mg. 
per cent and total serum proteins 7.2 gm. per 
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Fic. 2. Microscopic section of subcutaneous mass re- 
moved from the angle of the scapula. Calcium’ deposi- 
tion in a grumous eosinophilic matrix surrounded and 
traversed by fibrous tissue. Just within the capsule 
there is a mononuclear and foreign body giant cell 
reaction; hematoxylin and eosin, X 6. / 


cent, with:an albumin-globulin ratio of 4.9/2.3. 
The Sulkowitch test was normal and a quanti- 
tative analysis of urinary calcium excretion re- 
vealed an excretion of 0.312 gm. in forty-eight 
hours. The CO2 combining power varied between 
14 and 38 volumes per cent. 

The patient was initially ambulatory and 
afebrile. He was placed on a regular diet with 
antacids and antispasmodics to control his 
vomiting and abdominal pain but he continued 
to have gastrointestinal complaints which were 
relieved only when a Sippy regimen was rein- 
stituted. On March 1, 1949, an excisional biopsy 
of the tumor mass at the angle of the right 
scapula was performed under local anesthesia. 
The tumor was found to be cystic, contained 
thin seropurulent material and was adherent 
to the periosteum of the right scapula. Micro- 
scopic examination revealed spherules of cal- 
cium deposited in a grumous_ eosinophilic 
matrix. The mass of tissue was encapsulated 
and traversed by fibrous strands. The inner 
surface of the capsule was lined by mononuclear 
phagocytes and giant cells of the foreign body 
type. The pathologic diagnosis was calcium 
gout. (Fig. 2.) Intravenous pyelograms failed 
to show any dye excretion. In June, 1949, slit 
lamp examination revealed minute, crystal- 
clear, oval conjunctival lesions, some singly and 
others in clusters, in the right temporal bulbar 
conjunctiva together with bilateral corneal 
changes resembling a band keratitis.* During 


* Similar changes were noted in Burnett’s cases and 
have been described in the literature. 


this same month the patient was taken off a 
Sippy regimen and placed on a Meulengracht 
or regular diet as tolerated. Milk and absorba- 
ble alkalies were eliminated from his diet as 
much as possible. Because of the gradually in- 
creasing dysuria and frequency and difficulty 
in urination a transurethral resection of the 
medium bar of the prostate gland was per- 
formed in August. Following this procedure the 
urinary symptoms subsided although there was 
no reduction in the blood urea nitrogen. The 
patient’s convalescence was complicated on 
September 3rd by a sudden massive hemateme- 
sis of approximately 400 cc. He responded well 
to several transfusions. 

Following the elimination of milk and ab- 
sorbable alkalis from the patient’s diet there was 
a gradual resorption of the previously noted 
masses at the right wrist, shoulder and left 
scapula. (Fig. 3.) However, blood chemistry 
studies showed no significant changes. The 
blood urea nitrogen ranged between 40 and 
62 mg. per cent, the serum calcium 9.17 and 
13.1 mg. per cent, serum phosphorus 1.9 and 
4.0 mg. per cent, and the alkaline phosphatase 
between 2.0 and 3.5 Bodansky units. There was 
no improvement in phenolsulfonphthalein ex- 
cretion. The Sulkowitch test remained negative 
and on December 29th the urinary calcium 
excretion was 71.8 mg. in twenty-four hours. 
Urinary findings and the anemia persisted. A 
follow-up ophthalmologic examination revealed 
that the band keratitis was still present but that 
the glass-like, clear conjunctival deposits noted 
earlier had disappeared. During November and 
December the patient began to have increased 
episodes of vomiting and abdominal pain which 
were controlled only by demerol, milk and 
aluminum hydroxide. He suffered from per- 
sistent vomiting, inability to retain solid food, 
gradually increasing disorientation and mark- 
edly increased weakness despite adequate paren- 
teral vitamins and nourishment. On March 1, 
1950, the blood urea nitrogen had risen to 
122 mg. per cent. Serum phosphorus was 5.2 mg. 
per cent, serum calcium 9.17 mg. per cent, blood 
creatinine 2.1 mg. per cent and plasma chlorides 
85.2 mEq./L. The patient’s condition showed 
rapid deterioration. Despite small feedings by 
Levine tube, which he was able to tolerate with- 
out vomiting, his condition became progressively 
worse and he expired on March 9th. 

Autopsy examination was performed ap- 
proximately four hours after death. Only the 
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Fic. 3. A, detailed view of the right shoulder taken October 10, 1949. The calcium deposits have 
been almost completely resorbed; B, similar resorption is demonstrated in a film of the right wrist 
taken on October 18th. 


pertinent gross and microscopic findings are 
included: 

The body was that of an emaciated elderly 
white male. There was a 2 cm., soft, movable 
subcutaneous mass over the left scapula and 
there were several small plaque-like thickenings 
of the skin over the upper back. On opening the 
chest numerous fibrous adhesions were noted 
over the upper third of both lungs. The cardiac 
findings were within normal limits; the coronary 
arteries were patent and not sclerotic. A moder- 
ate amount of atherosclerosis was present 
throughout the aorta with areas of ulceration 
and thrombi formation in the abdominal por- 
tion. The renal arteries were not stenosed or 
sclerotic. The lungs were crepitant throughout 
with a nodularity of the right upper lobe on 
palpation. The bronchi were not dilated. There 
were numerous fibrocaseous foci throughout the 
right upper lobe, in the upper half of the right 
middle lobe and in the apex of the left upper 
lobe. Several irregular cavities measuring from 
0.5 to 0.1 cm. in diameter were present in the 
right upper lobe. The parathyroid glands 
measured 0.4 to 0.8 cm. in diameter. 

The kidneys each weighed 90 gm. without 
the capsules. They were small and soft. The 
capsules stripped with difficulty leaving a 
coarsely granular reddish surface. The cortex 
measured 0.4 cm. The pyramids were distinct 
and contained short streaks of firm yellow 
material which appeared to follow the tubular 
pattern. The cut surface was purplish red in 
color. 
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The stomach contained 200 cc. of watery 
gray fluid and was not dilated. The mucosa 
appeared slightly injected but the pattern of the 
folds was normal. The muscularis was not hyper- 
trophied. The pyloric canal measured approxi- 
mately 1.0 cm. in diameter and admitted a fore- 
finger without difficulty. There was no evidence 
of mechanical obstruction. One-half centimeter 
distal to the pylorus was an ulcer crater on the 
posterior wall of the duodenum measuring 1 cm. 
in diameter and 0.3 cm. in depth. The base was 
gray and red and in the center contained the 
open end of a thick-walled blood vessel measur- 
ing 0.3 cm. in outside diameter. This vessel was 
sclerotic and the lumen was obstructed a few 
millimeters from the open end. The ulcer and 
surrounding duodenum were intimately ad- 
herent to a firm mass of pancreas. In the distal 
8 feet of ileum there were five shallow ulcers 
varying from 0.3 to 1.0 cm. in diameter. The 
long axis of these ulcers was at right angle to the 
long axis of the ileum. On the serosal surface 
opposite these ulcers were several small yellow 
tubercles. The ileum and colon contained soft, 
black tarry feces. 

Exploration of the right shoulder region re- 
vealed no lesion. The subacromial bursa was 
free of scarring or calcification. 

Sections of the heart revealed only a few 
small areas of myocardial fibrosis. Sections 
through the grossly nodular areas in the lung 
revealed extensive fibrosis and organization of 
the pulmonary parenchyma. Within these area’ 
there were numerous epithelioid tubercles con- 
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Fic. 4. Microscopic section of lung. There is metastatic calcification in the form of plates and bars 
of calcium within the alveolar septa. Calcium is stained black; von Kossa stain, X 144. 


Fic. 5. Microscopic section of kidney. Note the partial hyalinization of glomeruli and the fibrous 
thickening of Bowman’s capsule. The black masses are deposits of calcium involving the tubular 
cells and the lumina of the tubules; von Kossa stain, X 144. 


taining Langhans type giant cells and several 
larger areas of caseous necrosis surrounded by 
tuberculous granulation tissue. There were 
scattered foci of lymphocytes. Many of the 
alveoli which remained were filled with a poly- 
morphonuclear exudate and phagocytes. In 
some areas the exudate became confluent and 
small abscesses were present. Many of the bronchi 
were also filled with polymorphonuclear cells. 
The pleura was thickened and fibrous adhesions 
were present. The striking feature was the 
presence of parenchymal calcification most 
prominent at the periphery of the zones of 
tuberculous pneumonia but involving groups 
of alveoli which were otherwise normal. The 
calcification was in the form of small nodules or 
linear streaks which outlined the alveolar septa 
and surrounded the small bronchi and vessels. 
(Fig. 4.) The degree of calcium deposition 
within the older caseous foci was _ not 
abnormal. 

The liver showed mild portal cirrhosis with 
an increase in portal fibrous tissue, together with 
lymphocytic infiltration and slight proliferation 
of the bile ducts. Fibrous septa extended from 
the portal areas dividing the parenchyma into 
irregular lobules. There was some regeneration 
of the portal cells but isolated groups of liver 
cells in the portal areas showed atrophy. 

The renal capsule was thickened. Numerous 
glomeruli showed partial to complete hyaliniza- 
tion and thickening of Bowman’s capsule was a 


prominent feature. In the areas of glomerular 
hyalinization there was marked tubular atrophy 
with increase in the interstitial connective tissue 
in which a diffuse lymphocytic infiltration was 
seen. The more normal tubules were dilated and 
hypertrophied. The striking feature was the 
extensive calcification of renal convoluted 
tubular cells and in some cases the deposition 
of calcium masses in tubular lumina. (Fig. 5.) 
This extended to the collection tubules. Large 
aggregates of calcium were seen beneath and 
bulging into the calyceal mucosa. The arterioles 
were not prominent. There was some intimal 
thickening of the small and medium-sized 
arteries. 

There was some testicular atrophy and in- 
creased fibrosis. 

Sections from the ileum revealed a sharply 
demarcated ulceration with overhanging muco- 
sal edges. The floor of the ulcer consisted of 
tuberculous granulation tissue. There were a 
lymphocytic and plasma cell infiltration and 
many small foci of caseation necrosis surrounded 
by epithelioid cells and Langhans type giant 
cells. The tubercles were present in the sub- 
mucosa, muscularis and subserosa. 

Sections of the parathyroid glands revealed a 
normal-appearing parenchyma with a promi- 
nence of chief cells and occasional small clusters 
of oxyphil cells. Many of the chief cells were 
of the water-clear type. The bone marrow was 
normal. An occasional lacuna was seen but 
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there was no evidence of any marked osteo- 
clastic activity. 

Final anatomic diagnosis: (1) chronic ulcer 
of duodenum with erosion of superior pan- 
creaticoduodenal artery; (2) metastatic calcifica- 
tion in lung, kidneys and subcutaneous tissue 
(biopsy); (3) chronic glomerulonephritis; (4) hy- 
perplasia of parathyroid gland, mild; (5) tuber- 
culosis of lungs with cavity formation, bilateral; 
(6) tuberculosis of ileum; (7) fibrous pleural 
adhesions, bilateral; (8) atherosclerosis of aorta 
with calcification, ulceration and thrombus 
formation; (9) portal cirrhosis, mild; (10) atrophy 
and fibrosis of testis. 


COMMENT 


The case reported herein appears to fall into 
the group of metastatic calcification described 
by Burnett. In order to establish the criteria by 
which this syndrome can be recognized a 
detailed review of the various types of metastatic 
calcification is pertinent. 

Metastatic calcification, by definition, occurs 
in normal tissues, in contrast to the dystrophic 
calcification of previously injured tissues. As 
already indicated, oversaturation of the serum 
with calcium and phosphorus is the chief pre- 
requisite for the occurrence of metastatic calci- 
fication. There are, however, a few rare cases of 
so-called tumoral calcinosis indistinguishable 
clinically and pathologically from true metasta- 
tic calcification in which the mineral constituents 
of the blood are not altered.*® Although abnormal 
calcification associated with scleroderma has 
sometimes been classified as an example of 
metastatic calcification, it should more properly 
be grouped with the dystrophic variety since the 
sites of calcium deposition are in previously 
altered collagen. Myositis ossificans is also a 
dystrophic rather than a metastatic type of 
calcification. 

Metastatic calcification associated with ele- 
vation of serum calcium and phosphorus can be 
subdivided into (1) cases with hyperparathyroid- 
ism and (2) cases with normal parathyroid 
function. 

Among the first group are (1) cases of primary 
hyperparathyroidism and (2) cases of secondary 
hyperparathyroidism associated with chronic 
renal disease and long-standing renal insuffi- 
ciency. Nephrocalcinosis may result from pri- 
mary hyperparathyroidism without pre-existing 
renal disease.* If renal calcification proceeds 
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to the stage of impaired renal function, hyper- 
phosphatemia as well as hypercalcemia may 
develop and favor gross metastatic calcification. 
Hypercalcemia per se does not ordinarily suffice 
to cause metastatic calcification. The reported 
cases of primary hyperparathyroidism, with 
metastatic calcification, invariably have been 
in severe renal failure with hyperphosphatemia 
for a prolonged period.’~® Under these condi- 
tions it may be impossible to distinguish clinically 
between primary and secondary types of hyper- 
parathyroidism although the degree of hyper- 
calcemia is generally greater in primary hyper- 
parathyroidism. In both categories a vicious 
cycle is established in which renal damage leads 
to phosphate retention and further parathyroid 
hyperplasia, which in turn increases the degree 
of hypercalcemia. In both primary and renal 
hyperparathyroidism the occurrence of gross 
metastatic calcification indicates that not only 
have both the serum calcium and phosphorus 
been increased but also that the disease has 
reached an irreparable final stage even though 
death from uremia may be delayed for years. 

Metastatic calcification with normal para- 
thyroid function can occur only if there is an 
oversupply of calcium and phosphorus that 
reaches the blood from endogenous or exogen- 
ous sources. Three main groups are recognized: 
(1) massive destruction of bone by tumors such 
as multiple myeloma, (2) vitamin Dz poisoning 
and (3) excessive intake of calcium, as in the 
case described herein. 

When metastatic calcification results from 
extensive destruction of bone,’ there is usually 
both hypercalcemia and hyperphosphatemia 
although sometimes there may be hypophos- 
phatemia, similar to the finding in the early 
stages of primary hyperparathyroidism."' 

In vitamin De overdosage, increased absorp- 
tion of calcium and phosphorus from the in- 
testinal tract as well as from the bones is the 
mechanism of hypercalcemia, which may lead 
to renal calcification, nitrogen retention, hyper- 
phosphatemia, osteoporosis and metastatic calci- 
fication. A prolonged intake of excessive vitamin 
Dz is usually required to produce this syndrome. 

Hypercalcemia produced by excessive cal- 
cium intake, as described by Burnett and as seen 
in the present case, has been observed only after 
the prolonged ingestion of large amounts of 
milk and concomitant alkali. A prodigious 
degree of calcium consumption is apparently 
required. In our patient 5 gm. of calcium were 
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consumed daily, the normal daily requirement 
being only 1 gm. per day. It appears reasonable, 
therefore, to attribute the metastatic calcifica- 
tion in these cases to an abnormally high intake 
of calcium. Vitamin Dz is not an important 
factor for even if the milk that was consumed in 
our case was fortified with this ingredient the 
daily consumption would be only about 400 
units. This might increase the absorption of 
calcium and phosphorus somewhat but could 
hardly lead to metastatic calcification. The 
role of the associated alkali intake is not evident 
but apparently no cases of this syndrome have 
been observed in which only excessive milk or 
excessive alkali alone were consumed. 

The role of the kidneys in metastatic calcifica- 
tion appears to be the same in all cases whether 
or not hyperparathyroidism is a factor. Renal 
calcification can occur in all forms of hyper- 
calcemia, presumably due to an increased con- 
centration of calcium in the glomerular filtrate. 
Renal calculi, caused by massive excretion of 
calcium, with accompanying pyelonephritis may 
contribute to the development of renal failure 
in these cases. Impairment of renal function as 
a consequence of tubular calcification can lead 
to retention of phosphate in the serum. Metasta- 
tic calcification in extrarenal tissues then results 
because of the oversaturation of the blood with 
these two electrolytes. In our case it must be 
assumed that the initial phase consisted of 
temporary periods of increased serum calcium 
due to the drinking of large amounts of milk and 
that this effect was analogous to the persistent 
hypercalcemia of primary hyperparathyroidism. 

In our own case the pre-existing renal lesion 
may have facilitated the development of me- 
tastatic calcification. There is evidence, however, 
that the syndrome may occur even if the renal 
parenchyma is previously undamaged. For ex- 
ample, severe renal damage can result from 
overdosage with vitamin Dz in patients with 
previously normal renal function. In such in- 
stances there may be restoration of normal renal 
function when the vitamin consumption is 
stopped.'* In one of Burnett’s cases a renal 
biopsy was performed during the course of a 
sympathectomy for hypertension three years 
prior to onset of the syndrome. This revealed 
normal renal tissue. In other cases renal func- 
tion returned to normal when the patients dis- 
continued the milk diet. This is in sharp con- 
trast to our own case in which renal failure was 
progressive. Renal failure of hyperparathyroid 
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origin also is irreversible even if parathyroid 
tumors are successfully removed. 

The extent of metastatic calcification is in 
general directly proportional to the severity of 
the underlying metabolic disturbance. In only 
one of Burnett’s cases was there grossly detect- 
able metastatic calcification. In the other five 
only microscopic calcification of the kidneys, 
lungs, blood vessels and heart were noted. 

The metastatic calcification associated with 
vitamin De poisoning has been observed to 
disappear when therapy is instituted before the 
condition has progressed too far. The metastatic 
calcification resulting from excessive dietary 
intake of calcium, as indicated by the observa- 
tions in the present case, is also reversible when 
therapy is instituted in time. The indications 
from our observations are that calcium salts 
may be resorbed with ease from the subcutane- 
ous and periarticular tissues but may be less 
resorbable from other tissues. This does not 
preclude the possibility that restoration of func- 
tion may not be achieved in calcified organs 
with suitable therapy. 

Although, in retrospect, the present case 
appears to be one of metastatic calcification, at 
the time of admission the patient presented a 
difficult diagnostic problem. Radiologic ab- 
sence of extensive bone destruction made it 
unlikely that the metastatic calcification was due 
to multiple myeloma, metastatic cancer or 
primary hyperparathyroidism. The osteoporosis 
of vitamin De poisoning!”!* was also lacking. 
The high urea nitrogen of the blood suggested 
that secondary renal hyperparathyroidism might 
be present but this was ruled out by the normal 
serum phosphorus. The very mild elevation of 
serum calcium was against primary hyperpara- 
thyroidism with secondary renal calcinosis. The 
normal alkaline phosphatase and normal urinary 
excretion of calcium also were against the 
diagnosis of hyperparathyroidism. When the 
observations of Burnett and his associates were 
called to our attention, it_was at once apparent 
that the case belonged to this new syndrome of 
metastatic calcification following excessive die- 
tary intake of milk and alkali. 


SUMMARY 


A case of metastatic calcification secondary 
to a prolonged intake of milk and alkali is 
presented. Regression of ocular and subcutane- 
ous lesions was noted following dietary restric- 
tion of calcium although the patient subsequently 
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died in renal insufficiency. The pathogenesis of 
the various forms of metastatic calcification is 
reviewed. 


Acknowledgment: The authors wish to thank 
Dr. S. L. Wilens for his help and criticism in the 
preparation of this paper. 


REFERENCES 


1. Herpert, F. K., H. G. and RicHarpson, 
G. O. Chroni¢ renal disease, secondary parathy- 
roid hyperplasia, decalcification of bone and 
metastatic calcification. 7. Path. @ Bact., 53: 161- 
181, 1941. 

2. BuRNETT, C. H., Commons, R. R., ALBRIGHT, F, and 
Howarp, J. C. Hypercalcemia without hyper- 
calcuria or hypophosphatemia, calcinosis and 
renal insufficiency. New England 7. Med., 240: 
787-794, 1949. 

3. Grace, W. J. and Barr, D. P. Complications o 
alkalosis. Am. 7. Med., 4: 331-337, 1948. 

4. Watsn, F. B. and Howarp, J. E. Conjunctival and 
corneal lesions in hypercalcemia, 7. Clin. Endo- 
crinol., 7: 644-652, 1947. 

5. THomson, J. E. M. and Tanner, F. H. Tumoral 


JANUARY, 1953 


10. 


11, 


12. 


13. 


calcinosis. 7. Bone & Joint Surg., 31 A: 132-140, 
1949, 


. Parsons, W. B. Results of operations for hyperpara- 


thyroidism. Bull. New York Acad. Med., 25: 285- 
297, 1949. 


. Hanes, F. M. Hyperparathyroidism due to para- 


thyroid adenoma with death from parathormone 
intoxication. Am. 7. M. Sc., 197: 85-90, 1939. 


. Rocers, H. M. Parathyroid adenoma and hyper- 


trophy of parathyroid glands. 7. A. M. A., 130: 
22-28, 1946. 


. Bauutn, D. E. and Gersuwin, B. S. Hyperparathy- 


roidism with renal insufficiency. Am. 7. M. Sc., 
190: 519, 1935. 

Swyer, A. J., BERGER, J. S., Gorpon, H. M. and 
Lasz.Lo, D. Hypercalcemia in osteolytic metastatic 
cancer of the breast. Am. 7. Med., 8: 724-732, 
1950. 

ALBRIGHT, F. and REIFENSTEIN, E. C., Jr. The Para- 
thyroid Glands and Metabolic Bone Disease. 
Baltimore, 1948. Williams & Wilkins Co. 

Steck, I. E., Deutscu, H., Reep, C. I. and Struck, 
H. C. Further studies on intoxication with vitamin 
D. Ann. Int. Med., 10: 951-964, 1937. 

CHRISTENSEN, W. R., LieBMAN, C. and SosMan, M. 
C. Skeletal and periarticular manifestations of 
hypervitaminosis D. Am. 7. Roentgenol., 65: 27-41, 
1951, 


hak 
4 
‘ 
% 
4 
% 
. 
i 
“ 
‘ 
= 
4 
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Calcification’ 


Report of a Case and Review of the Mechanism of Intoxication 
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Richmond, Virginia 


been administered mainly on an em- 

pirical basis for the treatment of a wide 
variety of diseases, including arthritis of various 
types, pollinosis, tetany, psoriasis, acne and 
trichinosis. —The dangers associated with ad- 
ministration of these preparations, which are 
potentially toxic, have been widely publicized 
in the medical literature but unfortunately too 
often have not been considered seriously enough 
by many doctors or their patients. 

This case is presented with the purpose of 
re-emphasizing the outstanding clinical signs 
and the chemical, tissue and skeletal changes 
that occur in the syndrome of vitamin D poison- 
ing. The practice of uncontrolled self-medication 
with Nion D (activated ergosterol) proved to be 
hazardous in this patient by producing chronic 
renal insufficiency and metastatic calcification 
in the soft tissues. 


L doses of vitamin D preparations have 


CASE REPORT 


M. C. P. is a sixty-two year old white male 
who has had rheumatoid arthritis of the spine 
and many peripheral joints for the past twenty 
years. He remained in his occupation as a 
carpenter until twelve years ago when he be- 
came incapacitated due to increase in the 
severity of the disease. He was seen at the 
Veterans Administration Hospital for the first 
time on March 20, 1948, and was treated for 
subarachnoid hemorrhage. The blood pressure 
on admission was 240/120 and subsided to 
130/80 prior ts discharge on May 25, 1948. 
Laboratory data at this time revealed a red 
blood count of 3,400,000 and hemoglobin of 


10 gm. per cent, blood urea nitrogen of 28 mg. 
per cent and CO: combining power of 58 
volumes per cent. Urinalysis showed specific 
gravity varying from 1.008 to 1.018 with a trace 
of albumin, 2 white blood cells and an occa- 
sional hyaline and granular cast per high power 
field. 

After discharge from the hospital he con- 
tinued to have pain over the right side of the 
head and returned for observation in October, 
1948, for a period of three weeks. The patient 
also complained of frequency of urination and 
nocturia of four to five times. Laboratory data 
revealed a red blood count of 4,100,000 and the 
urinalysis showed a specific gravity of 1.012 
with no albumin and a normal urinary sediment. 
No specific cause for the headache was found. 

He did not return to the hospital until 
January 27, 1950, at which time he complained 
of generalized aches and pains which were not 
limited to the joint areas. He had the same 
urinary symptoms. The patient stated that 
swelling of the left index finger had been present 
for about two months. Also he had been aware 
of a painful mass in the right hip for about six 
months. His appetite was fair and there was no 
history of loss of weight. He admitted to infre- 
quent nausea and vomiting but otherwise there 
seemed to be no significant gastrointestinal 
symptoms. There was a feeling of tightness 
across the occipital area and pain in the costo- 
vertebral angles. 

Physical examination revealed a chronically 
ill, sallow, poorly nourished, white male in no 
acute distress. Temperature was 98.6°F., pulse 
90, respirations 20 and blood pressure 140/88. 


* From the Medical Service, McGuire Veterans Administration Hospital, Richmond, Va., and the Department of 
Medicine, Medical College of Virginia, Richmond, Va. Sponsored by the Veterans Administration and published with 
the approval of the Chief Medical Director. The statements and conclusions published by the authors are a result of 
their own study and do not necessarily reflect the opinion or policy of the Veterans Administration. 
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Fic. 1. Right hand showing calcification in the soft tissue about the proximal 


interphalangeal joint of the index finger; left hand showing calcification in the 
soft tissue about the proximal interphalangeal joint of fifth finger. 


There was grade I arteriosclerotic retinopathy 
and evidence of a moderately severe inactive 
rheumatoid arthritis of long-standing involving 
multiple joints. A fluctuant mass was present 
on the proximal interphalangeal joint of the 
right index finger and the distal interphalangeal 
joint of the left fifth finger, each measuring 
approximately 1.5 cm. in diameter. There was 
also a tender, firm, freely movable mass in the 
right buttock approximately 9 by 6 cm. in size. 

During this period of hospitalization it was 
noted for the first time that the patient had 
marked renal insufficiency and metastatic calci- 
fications were evident on x-ray. The laboratory 
reported a red blood count of 4,100,000, hemo- 
globin 11.5 gm. per cent, white blood count 
6,000 and sedimentation rate 27. The urinalyses 
showed specific gravities varying from 1.007 to 
1.012, albuminuria and a few white blood cells, 
red blood cells and an occasional hyaline 
granular cast per high power field. During his 
hospital stay the blood urea nitrogen dropped 


from 82 to 46 mg. per cent and the CO: com-— 


bining power increased from 27 to 49 volumes 
per cent. The serum calcium was 13.5 mg. per 
cent and the serum inorganic phosphorus was 
4.1 mg. per cent. The Mosenthal concentration 
test showed the highest specific gravity to be 
1.012 and the intravenous pyelogram revealed a 
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markedly delayed excretion by the kidneys. 
X-ray of the hands showed a calcified mass 
around the proximal interphalangeal joint of the 
right index finger and at the distal interphalan- 
geal joint of the left fifth finger. (Fig. 1.) An 
x-ray of the right hip showed a moderately 
dense non-homogenous calcified mass measuring 
9.0 cm. in the greatest diameter in the region 
of the neck and greater trochanter of the femur. 
(Fig. 2.) 

With this information, further questioning 
of the patient revealed that he had taken Nion 
D, 4 capsules daily (50,000 units vitamin D in 
each capsule), from 1942 to 1948. At that time he 
discontinued the drug on the advice of his family 
doctor in spite of the fact that he had obtained 
marked symptomatic relief of his rheumatic 
complaints. It is also interesting that he had 
been on an average diet throughout life, drank 
only one to two glasses of milk weekly and rarely 
took cheese or cream. 

While in the hospital the mass in the left index 
finger was aspirated and 5 cc. of thick, white, 
chalky material was obtained. Chemical analysis 
showed the material contained calcium, 25 mg. 
per cent, and uric acid, 2 mg. per cent. Micro- 
scopic examination revealed innumerable white 
blood cells. With the above information a 
diagnosis of vitamin D poisoning was made. The 
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Fic. 2. Right hip showing multilocular calcification. 


patient was discharged in May, 1950, to return 
at frequent intervals for re-evaluation with the 
advice that he continue on low calcium diet and 
abstain from the use of drugs containing 
vitamin D. 

On readmission two months later there was 
no significant change in his status. He had 
remained on low calcium diet and the aspirated 
joint had not refilled. X-ray of the right hip 
showed no increase in the size of the mass. There 
was no change in the blood count; however, the 
blood urea nitrogen remained elevated at 64 
mg. per cent and the serum calcium at 12.1 
mg. per cent. 

He was readmitted for the fifth time in 
August, 1950, complaining of pain in all the 
joints. All laboratory studies were the same 
except for the blood urea nitrogen which was 
now 45 mg. per cent. 

On readmission in January, 1951, he com- 
plained of dizziness and weakness of three 
months’ duration. He had gained 5 pounds in 
weight and for the first time demonstrated 
pitting edema of the feet and legs of moderate 
severity. Laboratory studies showed red blood 
count 3,400,000 and hemoglobin 10.4 gm. per 
cent, blood urea nitrogen 27 mg. per cent, CO, 
combining power 45 volumes per cent, serum 
calcium 10 mg. per cent and a serum protein 


of 5.7 with albumin 3.4 and globulin 2.3 gm. 
per cent. The patient was given a low sodium, 
low calcium diet, ferrous sulfate gr. 5 three 
times a day and 1 blood transfusion. Kidney 
function remained very poor as evidenced by 
inability to concentrate the urine beyond a 
specific gravity of 1.012. A PSP test revealed 
that the patient had a total excretion of 18 per 
cent over a two-hour period. The intravenous 
pyelogram continued to show a marked delay 
in excretion. 

He was readmitted in February, 1951, with 
the chief complaint of severe pain down the 
right leg which was aggravated by change of 
position and was becoming progressively more 
severe. There was no apparent change in the 
mass in the right buttock either on physical or 
X-ray examination. At this time the serum 
calcium was 10.3 mg. per cent, serum inorganic 
phosphorus 4.4 mg. per cent and serum alkaline 
phosphatase 1.8 Bodansky units. Serum protein 
was 6.5 with albumin 3.7 and globulin 2.8 gm. 
per cent. The urine continued to show specific 
gravity of 1.011, a trace of albumin and a few 
red blood cells, white blood cells and casts per 
high power field. A Sulkowitch test revealed a 
normal excretion of calcium. The hands were 
x-rayed and showed disappearance of the 
calcium deposits around the finger joints 
reported one year previously. (Fig. 3.) 

In spite of poor kidney function it was deemed 
advisable to remove this mass which was 
obviously causing traumatic sciatic neuritis. On 
March 12, 1951, a large nodular multiloculated 
cystic mass, measuring 10 by 6 by 3 cm., was 
found lying beneath the gluteus maximus 
muscle and extending laterally over the right 
hip joint adjacent to the trochanteric bursa but 
not originating in the bursa. (Fig. 4.) Chemical 
analysis of the contents of the cysts showed cal- 
cium 18.4 per cent and phosphorus 7.1 per cent, 
about the same proportion found in normal 
bone. 

The pathologic report was as follows: Gross 
examination revealed that the specimen con- 
sisted of a mass of tissue measuring 10 by 7 by 
5 cm. The external surface was shaggy, brown 
and was studded by small pale yellow nodules. 
The tissue grated on the knife when it was cut. 
Gross section revealed loculated and _ con- 
glomerate, dense deposits of a gritty, oily, pale 
yellow material. Microscopically, the section 
presented a mass of tissue in which there were 
numerous deposits of a foreign material con- 
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(one year later). 


section). 


taining calcium. The deposits were rimmed and 
separated by fibrocollagenous connective tissue 
which contained great numbers of foreign body 
giant cells and was infiltrated by lymphocytes 
and plasma cells. There were also groups of 
macrophages laden with golden brown pigment. 

Other examinations at this time included 
fluoroscopy and x-ray of the stomach inflated 
with air in an effort to demonstrate calcification 
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Fic. 3. Both hands showing absence of calcifications demonstrated in Figure 1 


Fic, 4. Gross appearance of the calcified cystic mass removed from right hip (cut 


which was unsuccessful. Flat and Bucky films 
of the abdomen to demonstrate calcification in 
the kidneys were negative. 


COMMENTS 


This case report of vitamin D poisoning fol- 
lowing the intake of Nion D* (activated ergos- 


* Manufactured by Nion Corporation, Los Angeles, 
Calif. 
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terol) is important in presenting the outstanding 
clinical signs; the impairment of renal function 
and degenerative lesions with vicarious calcifica- 
tion. The outstanding symptoms in this case 
were frequency of urination and nocturia four to 
five times. 

In the majority of approximately 120 cases 
reported of intoxication with vitamin D in the 
past twenty years, many gastrointestinal and 
systemic symptoms have been noted. Howard 
and Meyer! recorded ten cases complaining of 
weakness, fatigue and lassitude. Eight of these 
patients had severe anorexia, nausea and vomit- 
ing and in seven polyuria, polydypsia and 
nocturia were present. Reed, Struck and Steck? 
were also impressed with this symptomatology in 
their cases and stated that severe anorexia was 
usually the first symptom. They studied sixty- 
three cases of vitamin D poisoning and found 
that thirteen noted a tightness across the occiput 
which was followed by an increase in sensitivity 
of the skin of that area. One of these observers 
was so impressed that he took 35,000 units of 
vitamin D per kg. of body weight and also felt 
this sensation. 

There is a great variation in species suscepti- 
bility and individual susceptibility to the toxic 
action of vitamin D. Steck and his associates* 
found that both human subjects and dogs 
generally survive administration of 20,000 units 
per kg. per day for indefinite periods without 
intoxication. Yet Reed and his associates? have 
reported toxic effects in one adult with as little 
as 1,000 international units per kg. of body 
weight daily. They also found that toxicity was 
more likely to occur in patients with gastro- 
intestinal dysfunction. In the series reported by 
Howard and Meyer' the patient receiving the 
largest daily dose, 600,000 i.u., became ill 
earliest, but the one receiving the next highest 
dose, 500,000 i.u., did not manifest symptoms 
until he had taken the drug for eighteen 
months. Our patient took approximately 200,- 
000 i.u. of Nion D daily for four of every six 
weeks for seven years. During the seventh year 
evidences of renal impairment were found and 
fifteen months later the sites of metastatic 
calcification were discovered and hypercalcemia 
was still present. These findings were also noted 
in a case reported by Howard and Meyer! in 
which hypercalcemia and an elevated non- 
protein nitrogen were present fourteen months 
after withdrawal of the drug. 

The mechanism of intoxication with vitamin 


D remains obscure; however, it is an interesting 
field for speculation. The concepts of vitamin D 
poisoning have been summarized by Albright 
and Reifenstein* from the metabolic data on 
their patients. It was established twenty years 
ago by Bauer, Marble and Claflin® that the 
administration of 30 mg. of irradiated ergosterol 
to normal individuals daily resulted in a decrease 
in the fecal calcium and phosphorus excretion 
and a concomitant increase in the excretion in 
the urine, with little change in the serum 
calcium and phosphorus. These results have also 
been obtained in a patient with osteomalacia 
secondary to steatorrhea.* The decreased fecal 
calcium excretion is the result of increased 
calcium absorption from the bowel, which 
probably represents the first action of vitamin 
D. A subject with idiopathic hypoparathy- 
roidism with a low serum calcium was chosen 
and it was noted that administration of 540 mg. 
of calcium intravenously did not result in the 
appearance of calcium in the urine immediately 
and there was no appreciable change in the fecal 
calcium excretion. However, after oral ad- 
ministration of an equal amount of calcium 
there was a markedly increased fecal calcium 
excretion which, in turn, decreased after giving 
vitamin D. It was concluded that these findings 
were due to increased absorption of calcium 
and not to decreased re-excretion into the gas- 
trointestinal tract. This increased calcium 
absorption from the gut results in hypercalcemia 
and hypercalciuria. This was noted by Albright 
and Reifenstein’ in their metabolic study on a 
patient with rickets, slightly resistant to vitamin 
D, who after receiving large doses of the drug 
showed an increase in the calcium in serum and 
urine. That the increase in the serum calcium 
in vitamin D intoxication may be due, at least 
in part, to the mobilization of calcium from the 
bones seems quite definite according to the 
several investigators. Hess, Weinstock and 
Rivkin® administered irradiated ergosterol to 
infants and animals with rickets and tetany and 
raised the serum calcium and inorganic phos- 
phorus to normal levels, and on administration 
to normal infants and animals it produced a 
hypercalcemia. In an effort to determine the 
source of the calcium, rats were placed on a diet 
low in calcium and high in phosphorus for three 
days until there was no calcium in the feces and 
the serum calcium had been reduced from 10 
mg. to 6.4 mg. per 100 cc. serum. The rats were 
given 1 mg. of irradiated ergosterol daily and 
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the serum calcium increased 50 per cent or more. 
The same workers’ in another study found that 
the ash of bones of rats receiving large doses of 
irradiated ergosterol was lower than that of the 
control animals and concluded again that the 
source of the calcium was in the tissue, more 
particularly the bones which are the great 
storehouses of calcium in the body. If the dose 
of irradiated ergosterol is 100 times the thera- 
peutic dose, the calcium will be withdrawn 
even from the bones of parathyroidectomized 
animals. These conclusions have been supported 
by many other workers and more recently by 
McLean*® who believes that ordinary anti- 
rachitic doses of vitamin D increase absorption 
of calcium and probably phosphate from the 
gastrointestinal tract; however, massive doses 
of the drug give a result in increased mobiliza- 
tion of the bone salt. Vogt and Tégnsager® ad- 
ministered vitamin D» to five cases of lupus 


vulgaris and examination of bone revealed a 


slight loss of calcium. 

It has been postulated by many that vitamin 
D has a second action which is apparent only 
in the study of people without intact or func- 
tioning parathyroid glands. Albright and Sul- 
kowitch!® found that administration of vitamin 
D to three cases of idiopathic hypoparathy- 
roidism resulted in an increase in the urinary 
phosphorus excretion greater than could be 
explained by the decreased fecal excretion, 
thereby inducing a state of negative phosphorus 
balance. However, administration of vitamin D 
to a patient with rickets, who was quite resistant 
but not intractable to therapy, resulted in an 
increase of serum calcium and phosphorus and 
an increase in urinary calcium but no increase 
in the urinary phosphorus excretion. The 
metabolic studies as stated offer some evidence 
that the rise in serum inorganic phosphorus 
which usually follows vitamin D therapy is the 
result of an accompanying decreased activity 
of the parathyroid gland. Harrison and Har- 
rison!! have supported this latter conclusion in 
dogs maintained on rachitogenic diets. Here 
vitamin D administration resulted in a marked 
increase in the maximal rate of tubular phos- 
phate reabsorption, thus increasing the in- 
organic phosphate in the plasma. The injection 
of parathyroid hormone resulted in a marked 
decrease in the maximal rate of reabsorption of 
phosphates by the tubules. Therefore, it is 
believed that the second action of vitamin D 
is entirely masked by the first effect in a patient 
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with intact parathyroids, as seen in our case 
report. According to Albright and Reifenstein‘ 
the most probable sequence of events in the 
average patient taking vitamin D would be (1) 
increased calcium absorption, (2) increased 
serum calcium level, (3) decreased parathyroid 
activity, (4) decreased urinary phosphorus ex- 
cretion, (5) increased serum phosphorus level, 
(6) therefore decreased resorption of bone, 
causing a fall in serum and urinary calcium 
level, thus offsetting the effect of absorption of 
calcium from the gastrointestinal tract. On the 
other hand, with poisoning by vitamin D and a 
resultant excess of the first action of the drug, we 
have a supersaturation of the blood with respect 
to calcium phosphate and a precipitation of 
calcium phosphate at abnormal sites. 

The occurrence of metastatic calcification is 
the most severe toxic effect. It is one of the char- 
acteristic findings in animals poisoned with 
vitamin D and the kidney is frequently the site 
of these deposits. Ashford!? demonstrated that 
metastatic calcification, produced experimen- 
tally in rabbits, underwent resorption after 
vitamin D was discontinued. McLean and 
Lebo reported a case in which calcification 
of the periarticular areas of fingers resorbed 
after discontinuing the drug and this observation 
was also made in our case; however, the kidney 
damage which follows the deposition of calcium 
in the collecting tubules is not reversible in many 
cases. In the ten cases of Howard and Meyer! 
eight continued to show evidences of renal 
damage for periods of six to eighteen: months 
after discharge. Our patient showed all the 
evidences of chronic renal insufficiency two 
and one-half years after discontinuing the 
medication. 

It was an interesting finding in this case that 
the calcium-rich viscid fluid aspirated from the 
mass in the right buttock had approximately 
the same calcium-phosphorus ratio as normal 
bone (2.59).!4 This finding was also noted by 
Freeman et al.’®° in a case with renal and 
metastatic calcification of the right shoulder 
following ingestion of ertron. Chaplin et al.'® 
reported seven cases of intoxication and two of 
them had periarticular cysts which contained 
sediment with a calcium-phosphorus ratio twice 
that present in bone. After discontinuing the 
drug and administering a low calcium diet the 
masses disappeared in one case and decreased 
in size in the other. 

The occurrence of massive metastatic calcifi- 
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cation may lead to death and at least seven such 
cases have been reported. Kaufman, Beck and 
Wiseman’ presented a case in which the 
patient developed massive metastatic calcifica- 
tion, renal damage and death following the 
intake of ertron in the treatment of arthritis. The 
postmortem findings were calcinosis involving 
the joints of the extremities, sternoclavicular 
joints, costosternal joints, subcutaneous. tis- 
sue, myocardium, lungs, pancreas, parathyroid 
glands and kidneys with calcium deposits in the 
glomerular capsules and the tubules. It still 
remains debatable whether these calcifications 
in the various tissues follow degenerative and 
destructive changes in the cells, as believed by 
Steck and his associates,* or whether they are 
due to inability of the plasma and tissue fluid 
to retain calcium in solution. The latter theory 
is supported by Ham'* who administered 
vitamin D to rats and saw no changes in the cells 
within twenty-four hours, yet at forty-eight 
hours massive pathologic calcification had 
occurred. The two mechanisms of pathologic 
calcification in human tissues have also been 
discussed by Vaughan, Sosman and Kinney:’® 
(1) Abnormally high concentrations of calcium 
or phosphate in the blood with precipitation of 
calcium phosphate in healthy tissues as seen in 
hyperparathyroidism and vitamin D poisoning. 
(2) Local tissue damage with precipitation of 
calcium in the presence of normal blood levels 
as demonstrated by the tuberculous tubule, 
calcium deposition in a kidney tumor and 
calcification in kidney tubules following mer- 
curial poisoning. It seems that areas where 
there are marked changes in the pH of the media 
are susceptible to the deposition of calcium salt, 
as in the lungs where elimination of carbon 
dioxide leaves the tissues more alkaline, or in the 
gastric mucosa where the process of secreting 
acid contents into the stomach leaves the 
secretory cells alkaline, or in the renal tubules 
where acidification of the urine renders these 
cells alkaline. Also, areas such as the renal 
tubules and media of the arteries are favorite 
sites for calcification. 


SUMMARY 


1. A case of vitamin D poisoning following 
prolonged use of Nion D (activated ergosterol) 
is reported. In this instance the systemic and 
gastrointestinal symptoms usually present in 
this syndrome were absent but the patient 
presented other characteristic clinical findings, 


namely, irreversible impairment of renal func- 
tion and metastatic calcifications. 

2. The mode of action and the mechanism of 
intoxication with vitamin D is discussed. 

3. The potential dangers of administration 
of large doses of vitamin D preparations is 
emphasized. 
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Significance of Potasstum Depletion in 


Poliomyelitis’ 


Capt. Ropert J. HALL, M.c. and Maj. JAcQuEes L. SHERMAN, JR., M.C. 
Washington, D. C. 


HE pathophysiology and the clinical 

aspects of poliomyelitis have been ex- 

haustively studied from the point of view 
of the neuromuscular disturbance but little 
attention has been paid to the metabolic aspects 
of this disease. It is our opinion that the meta- 
bolic changes in this disease must be further 
investigated if all of the manifestations of 
poliomyelitis are to be fully interpreted. The 
following case report is presented as an example 
of the significance of a metabolic disorder in 
severe bulbospinal poliomyelitis: 


CASE REPORT 


The patient, a thirteen year old white female, 
was well until August 9, 1950, at which time 
a severe chill and headache developed, followed 
with nausea and vomiting. Because of persistent 
headache and the appearance of fever she was 
hospitalized on the following day. On admission 
her temperature was 101.5°F., pulse 120, respira- 
tions 20 and blood pressure 130/80. Marked 
nuchal rigidity was present and the left knee 
jerk was hypoactive, but otherwise the neuro- 
muscular examination was normal. The spinal 
fluid contained 340 cells per cu. mm. and 75 per 
cent polymorphonuclears; culture was negative. 
On the third hospital day respirations became 
rapid, shallow and diaphragmatic. Weakness 
of the extremities became apparent at this time. 

The patient was transferred to an Army 
General Hospital on August 12, 1950. Ex- 
amination revealed a well developed, well nour- 
ished, apprehensive female appearing acutely 
ill, in moderate respiratory distress. Her tem- 
perature was 103°F., pulse 120, respirations 30 
and blood pressure 108/70. There was no 
motion of the intercostal muscles; respirations 
were diaphragmatic and irregular. The lungs 
and heart were normal. Neuromuscular exami- 
nation revealed incomplete, generalized, asym- 


metric flaccid paralysis of the muscle units of 
all extremities, the intercostals, the flexors of 
the neck, and the back and abdominal muscles. 
Marked nuchal rigidity was present and the 
reflexes were asymmetric, ranging from hypo- 
active to absent. Cranial nerves and sensory 
modalities were intact. 

Lumbar puncture on admission revealed an 
initial pressure of 420 mm. of water; the cell 
count was 348 per cu. mm., with 92 per cent 
lymphocytes; sugar was 118 mg. per cent, 
protein 66.5 mg. per cent and chloride 750 mg. 
per cent. Four hours after admission the patient 
was placed in a Drinker body respirator because 
of progressive respiratory difficulty, tachycardia 
and cyanosis which had not responded to oxygen 
alone. There was dramatic improvement after 
artificial respiration was begun. The patient 
remained febrile throughout the next four days, 
exhibiting marked generalized muscle weakness. 
She could be removed from the respirator for 
short intervals only, during which time cyanosis 
developed. Impairment of swallowing was 
first noted on August 16th. Much mucoid 
material was aspirated from the hypopharynx 
and increased cyanosis and apprehension be- 
came apparent. Oxygen was administered by 
nasal catheter with some improvement. Swallow- 
ing became progressively impaired but an 
adequate airway was maintained and tracheo- 
tomy avoided by repeated pharyngeal suction, 
Trendelenburg positioning and aspiration of 
the larynx and trachea through a Flagg laryngo- 
scope. Parenteral fluids were administered and 
penicillin prophylaxis was instituted. Removal 
from the respirator could be accomplished only 
with the aid of artificial respiration. Slight 
return of swallowing was noted by August 21st, 
with gradual improvement thereafter. On 
August 25th small amounts of fluids could be 
swallowed and oxygen was discontinued. Soft 


* From the Medical Service, Walter Reed Army Hospital, Washington, D. C. 
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foods were started four days later and slight 
increase of peripheral muscle function was 
apparent. 

Intercostal and diaphragmatic function re- 
turned very slowly and it was not until the 


thirty-second hospital day that the patient © 


could be allowed out of the respirator for short 
periods without supplementary positive pressure 
oxygen. Improvement of respiratory function 
was gradual but progressive so that by Novem- 
ber 2nd use of the Drinker respirator could be 
discontinued. However, during this period three 
episodes of severe gastrointestinal disturbance 
were noted, occurring at approximately two- 
week intervals and lasting for two to three days. 
They were characterized by nausea, vomiting, 
abdominal pain, epigastric distention, weakness 
and lethargy. The upper abdomen was dis- 
tended, tympanitic and tender, although there 
was no muscle spasm or rebound tenderness, 
and peristalsis was audible but diminished. A 
large amount of green gastric fluid and air was 
removed each time by Levin tube with marked 
relief. Several x-ray films of the abdomen were 
negative and there was no clinical evidence of 
mechanical intestinal obstruction. The opinion 
of the surgical consultant was “acute gastric 
dilatation.” Therapy consisted of parenteral 
fluids and intermittent gastric aspiration. Milk 
formula and fruit juices were given by the Levin 
tube as soon as possible and some clinical im- 
provement was observed. Oral liquids, casein 
hydrolysate and soft diet were resumed but the 
nutritional response remained inadequate. An- 
orexia, although previously present, now be- 
came prominent. 

A fourth episode of gastric dilatation occurred 
on November 8, 1950, accompanied with marked 
lethargy. An electrocardiogram on November 
9th showed S-T segment depression, flattened 
and inverted T waves, U waves, and a QTc* of 
0.46 seconds. It was interpreted as compatible 
with metabolic, anoxic or myocardial changes. 
No previous electrocardiograms had been taken 
for comparison. On both November 9th and 
10th 90 mEq. of potassium (as 10 per cent 
monobasic potassium phosphate) were ad- 


* The corrected Q-T interval (QTc) was measured 
according to the method of Taran and Szilagyi (1): 


where QT equals the measured 


Q-T interval in seconds, and R — R’ equals the length 
of the cardiac cycle in seconds. The normal range is 
0.38 to 0.42 seconds. 
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ministered by nasogastric tube between inter- 
mittent suction. Only slight improvement was 
noted clinically and the patient had to be re- 
turned to the respirator on November 11th 
because of weakness, fatigue, restlessness, diffi- 
cult breathing and inadequate oxygenation. 
Serial electrocardiograms on November 9th 
and 10th showed no significant change. On 
November 12th there was only a slight increase 
in the voltage of the T waves in all leads al- 
though the QTc still measured 0.46 seconds. 
Intermittent feedings had again been accom- 
plished by means of the Levin tube and the 
patient improved. On November 15th artificial 
respiration was discontinued, the nasogastric 
tube removed and oral feeding encouraged. 

The fifth episode of nausea and vomiting 
occurred on November 25th; on the next day 
the patient complained of precordial pain unre- 
lated to respiration. For the first time a harsh, 
poorly radiating grade 3 systolic murmur was 
heard at the pulmonic area. A chest x-ray on 
November 27th was normal; the electrocardio- 
graphic changes persisted. On November 29th 
the serum potassium was 3.55 mEq./L. Ab- 
dominal distention recurred on December 5th, 
again necessitating aspiration. An_ electro- 
cardiogram on December 5th was markedly 
abnormal (Fig. 1), showing increased depression 
of the S-T segment and T wave inversions with 
prolongation of the QTc to 0.54 seconds. The 
serum potassium was 3.25 mEq./L. For the 
next three days 80 mEq. of potassium were 
given daily in the subcutaneous clysis in addi- 
tion to 90 mEq. daily by Levin tube. A serum 
potassium on December 7th measured 3.98 
mEq./L. On December 8th significant clinical 
and electrocardiographic improvement was 
noted. (Fig. 1.) The S-T segment abnormalities 
had disappeared, the T waves were of normal 
voltage and the QTc measured 0.40 seconds. 
The patient continued to receive approximately 
90 mEq. of potassium daily by the oral route; 
however, on December 11th the electrocardio- 
graphic abnormalities were again noted. During 
the next two days an additional 120 mEq. of 
potassium were administered by subcutaneous 
clysis, the amplitude of the T waves again 
increased and the Q-T interval diminished. 
Oral monobasic potassium phosphate was con- 
tinued and only minor electrocardiographic 
variations were noted. 

Abdominal pain and nausea recurred on 
December 22, 1950, and gastric aspiration was 
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December 5, 1950 December 8, 1950 
Fic. 1. Electrocardiograms taken before and after 
parenteral potassium therapy was instituted. 


reinstituted. An electrocardiogram showed in- 
creased voltage of P waves, slight decrease of 
the voltage of T waves and change to a vertical 
electrical position. Eighty milliequivalents of 
potassium were given by subcutaneous clysis 
in addition to the daily oral potassium. The 
patient became very restless, respirations were 
difficult and cyanosis was apparent. She was 
placed in the respirator at 8:15 p.M., appearing 
to be in continuous abdominal pain, and ex- 
pired suddenly at 2:50 a.m. on December 23, 
1950. 


Autopsy revealed a malnourished white 
female exhibiting atrophic peripheral muscula- 
ture and minimal adipose tissue. The tracheo- 
bronchial tree was patent and there was no 
evidence of atelectasis or pneumonic consolida- 
tion. The heart was grossly normal, with no 
valvular or endocardial lesions. No obstructive 
or intrinsic lesions were found in the gastroin- 
testinal tract and no distention was noted. 

Microscopically, the central nervous system 
demonstrated the characteristic residuals of 
bulbospinal poliomyelitis. In the lungs the 
pulmonary alveoli were dilated and the septa 
were ruptured in areas. The myocardial fascicles 
were separated by edema in some areas but 
there was no evidence of leukocytic infiltration, 
muscle necrosis or scarring. The kidneys re- 
vealed diffuse degeneration of the lining epi- 
thelium of the collecting tubules with fibrous 
replacement and calcium deposition in many 
of these tubules. The epithelium of the con- 
voluted tubules appeared intact although scat- 
tered foci of fibrosis and calcification were seen 
in this region. 


COMMENTS 


Although the immediate cause of death in 
this case is unknown, the lack of anatomic find- 
ings sufficient to explain the fatal outcome sug- 
gests a possible metabolic disturbance. Potassium 
intoxication can be excluded by the absence of 
clinical evidence of renal impairment, the lack 
of electrocardiographic findings of hyperkalemia, 
the subcutaneous route of administration of 
potassium and the many sources of loss of this 
ion. 

Observed Hypokalemia in Poliomyelitis. Earle? 
reported consistently low serum potassium 
levels in patients with severe spinal or bulbar 
poliomyelitis. This finding occurred in patients 
who had had no vomiting or diarrhea and the 
potassium deficit was therefore presumed to be 
the result of low intake. Lans et al.* demon- 
strated potassium deficiency in six cases of 
bulbar poliomyelitis in which clinical and 
laboratory response was obtained with adequate 
parenteral potassium therapy. 

Sources of Potassium Depletion in Poliomyelitis. 
Studies of renal excretion of potassium demon- 
strated that there is obligatory excretion of this 
cation and that under conditions of reduced 
intake a definite negative potassium balance 
develops. Duncan® demonstrated that potassium 
losses can be very rapid and that as much as 
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200 mEq. may be excreted daily during periods 
of starvation as short as four days. Only when 
there is considerable potassium depletion is 
there any conservation by the kidneys.® Potas- 
sium depletion in poliomyelitis may therefore 
be ascribed chiefly to reduced intake due to 
anorexia and nausea. If there is bulbar involve- 
ment, the difficulty in swallowing aggravates 
the failure to maintain adequate intake; and if 
the physician supports the patient with potas- 
sium-free parenteral feeding, he contributes 
further to the growing potassium deficit. In the 
presence of gastrointestinal atony not only is 
there diminished potassium intake but there is 
also evidence of interference with absorption 
of gases, foods and fluids because the normal 
rhythmic contractions which aid this process 
are feeble or absent.’ This phenomenon could 
have been the reason for the failure of response 
to oral potassium therapy reported by Earle? 
and observed in our case. 

In severe poliomyelitis body protein loss with 
negative nitrogen balance results from muscle 
atrophy, “‘toxic destruction of protein,”’ namely, 
breakdown occurring in many febrile states,®:!° 
and possibly from direct muscle cell involve- 
ment by the virus.!! Bower et al.!? reported that 
serum albumin levels fell within three to ten 
days after the onset of the disease—too soon to 
be caused by malnutrition. Potassium loss ac- 
companies this tissue catabolism in proportion 
to the nitrogen loss, namely, 2.4 mEq. of potas- 
sium per gm. of nitrogen lost,'* although there 
' is evidence that potassium administration may 
disturb this parallelism.‘ The intracellular 
potassium reserve becomes smaller in proportion 


to the circulating ion and there is loss of the 


‘buffering effect” of the intracellular mass so 
that serum levels become less stable and more 
responsive to outside influences. 

In acute conditions associated with stress 
phenomena there is shift of potassium from the 
intracellular to the extracellular 
Much of the potassium so liberated is lost, 
either by direct urinary excretion or by transfer 
to the liver, with later elimination through the 
kidney.!® 19 It is probable that a portion of the 
potassium lost in acute poliomyelitis can be 
accounted for in this process. Although pro- 
tracted vomiting is not common in poliomyelitis, 
when it does occur it becomes a significant 
source of potassium loss. The development of 
cellular potassium deficit is rapid and pro- 
found,?° for not only is there loss of large quanti- 
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ties of potassium in the vomitus with develop- 
ment of hypochloremic alkalosis?!:?? but also 
the resulting alkalosis itself leads to excessive 
urinary potassium 

Gastrointestinal Disturbances in Poliomyelitis. 
Anorexia, nausea, vomiting, constipation and 
transient pain of gastrointestinal origin are com- 
mon in poliomyelitis.?> These are observed most 
often in the second stage of poliomyelitis and 
occasionally may obscure the nervous symp- 
toms.”® Later, during the course of the bulbar 
or bulbospinal types, these manifestations may 
be observed again. Schénholzer?’ reported an 
instance of complete gastrointestinal tract 
paralysis without evidence of obstruction at 
autopsy. A similar case showing marked gastric 
atony and dilatation was described by Waltz”® 
who, citing the work of several other authors, 
stated that “this observation has been made 
very often.’ It is believed that reflex disturb- 
ances may lead to the development of those 
gastrointestinal manifestations which are seen 
early in the course of the disease; however, the 
etiology of the more severe changes seen later, 
such as in our case and in those of Schénholzer 
and Waltz, is more obscure. , 

Gastrointestinal signs similar to those de- 
scribed heretofore are seen in potassium deple- 
tion states. Experimentally, changes varying 
from inhibition of intestinal musculature’:”® to 
fatal paralytic ileus*® have been produced by 
creating potassium deficiency in laboratory 
animals. Clinically, nausea, vomiting, ab- 
dominal distention and ileus have been ob- 
served in association with intracellular defi- 
ciency of this ion.!*:34~%3 In severe poliomyelitis 
the intestinal atony may be due to the direct 
effect of potassium lack and contributes signifi- 
cantly to progressive total body potassium 
depletion. (Fig. 2.) 

Muscular Disturbance in Potassium Depletion. 
Muscle involvement represents one of the most 
prominent clinical manifestations of potassium 
deficiency states. Skeletal muscle disturbances 
may vary from simple weakness to flaccid 
paralysis of the extremities and the respiratory 
musculature which, if untreated, may lead to 
respiratory paralysis and death.*4:3> Lans* com- 
mented on the inability of the patient with bul- 
bar poliomyelitis to tolerate such an additional 
burden on respiratory function. 

Effects of Potassium Deficiency on the Cardiovascular 
System. ‘The principal electrocardiographic ab- 
normalities referable to low concentration of 
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serum potassium are diminished amplitude and 
inversion of the T waves, prolongation of the 
Q-T interval and depression of the S-T segment. 
U waves are often present.!*:3—%9 These changes 
have been found after excessive loss of intestinal 
contents and in the postoperative state,‘ as well 


INCREASED K* LOSS due to 
@)Tissue Catabolism | | 4)Vomiting 


by their occurrence almost four months after 
the onset of poliomyelitis and their failure to 
disappear after the patient had been returned to 
the respirator with consequent improvement of 
tidal exchange and oxygenation. Furthermore, 
the reversal of these changes to normal after 


b)Stress Shift )Suction 
c)Renol Loss 


DECREASED K’* INTAKE due to 


e)Anorexio 
b)Nouseo 
¢)Dietory Insufficiency 


4)K* Free Porenteral Fid. Adm. 


DECREASED K* ABSORPTION due to 


e)G! Atony 
b) GI Dilatation 


TOTAL BODY POTASSIUM DEPLETION 


CARDIAC CHANGES 


e)ECG Abnormolities 
b) “Myocarditis” 


Fic. 2. Potassium cycle in poliomyelitis, demonstrating the relationship between 
the causes and effects of potassium depletion. 


as in chronic nephritis,*® familial periodic 
paralysis*! and recovery from diabetic acido- 
sis.*7:4? Eliel et al.4° discussed several postopera- 
tive patients known to have had potassium 
deficiency on the basis of balance studies. They 
demonstrated lowered amplitude of T waves 
coincident with the development of alkalosis and 
hypochloremia, which preceded a fall in serum 
potassium levels. They suggested that the 
electrocardiogram may in some instances be a 
better index of tissue potassium deficit than of 
the serum level. These findings are consistent 
with the observation that there may be a con- 
siderable tissue potassium deficit without marked 
reduction of the circulating level*®? as en- 
countered in our patient and as observed by 
Earle? and Lans.* It must be appreciated that 
the electrocardiogram is not properly a sub- 
stitute for the laboratory measurement of the 
serum potassium but is an important adjunct 
in diagnosis if serial tracings are obtained.** 4% 
The non-specific electrocardiographic ‘‘abnor- 
malities observed in our case were not due to 
infectious myocarditis or to anoxia, as evidenced 


potassium therapy is at least confirmatory if not 
pathognomonic evidence of their correlation 
with a state of potassium depletion. 

It is of interest that the effect of potassium 
deficiency on the heart is not only one of 
electrocardiographic changes. Bellet®® com- 
mented on the occurrence of systolic murmurs 
in hypokalemia; in addition, pathologic changes 
have been noted both in experimental animals 
and man. Microscopic cardiac changes have 
been encountered in a case of chronic diarrhea 
with potassium depletion‘ and in a patient 
with treated Addison’s disease in whom a 
potassium deficit occurred. Other observers** *° 
have reported microscopic and gross cardiac 
lesions in rats which had been fed diets deficient 
only in potassium. Follis et al.*® described 
microscopic changes as early as the eighth day 
consisting of loss of striation of individual 
muscle fibers followed with nuclear shrinking 
and destruction. There were associated areas 
of muscle necrosis accompanied with leuko- 
cytic infiltration, at first with polymorphonu- 
clear and later with mononuclear phagocytes 
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predominating. Within fifteen days the lesions 
became large and numerous, and in some ani- 
mals the process took on the appearance of 
diffuse myocarditis with areas suggesting the 
lesions of human diphtheria. Necrotic areas 
continued to appear as long as the animals 
were on a diet deficient in potassium; however, 
coexistent healing by proliferation of connective 
tissue and scarring was observed in the earlier 
lesions. There was neither perivascular accumu- 
lation of leukocytes nor changes in the vessels 
themselves. Gross changes were seen after the 
third week and consisted of tiny, opaque, sub- 
epicardial, gray necrotic areas. In comparison 
with the controls there seemed to be evidence 
of cardiac hypertrophy in the potassium-defi- 
cient animals. Chemically, the potassium content 
of the heart muscle was 35 per cent lower than 
that of the controls. In addition, microscopic 
examination of the kidneys in the deficient 
animals revealed necrosis of the tubular epi- 
thelium of the convoluted tubules and deposi- 
tion of “‘calcified material” in the lumina of 
some of the tubules. 

Myocardial and electrocardiographic changes 
are not uncommon in poliomyelitis. Although 
previous reports had appeared in the litera- 
Saphir and Wile®* in 1942 first 
focused attention on myocarditis in poliomyeli- 
tis, demonstrating changes in six of seven 
autopsied patients. Findings of similar myo- 
cardial changes have been noted by many 
authors since then.*4~®® Spain et described 
myocardial changes in twelve of fourteen 
necropsied cases of poliomyelitis. These abnor- 
malities consisted of interstitial edema, diffuse, 
focal and perivascular leukocytic infiltration, 
focal myocardial necrosis and fibroblastic pro- 
liferation. Electrocardiographic changes, con- 
sisting mainly of prolongation of the Q-T 
interval, have been reported by Joos and Yu® 
in five of twenty-three cases. Bradford and 
Anderson*®! noted abnormalities of the S-T 
segment and T waves in 12 per cent of 155 
patients with poliomyelitis and in four of five 
fatal cases. Electrocardiographic changes were 
described in a single case of fatal bulbospinal 
poliomyelitis by Boucek and his associates;®? at 
autopsy edema, cellular infiltration and necrotiz- 
ing focal lesions were found in the myocardium. 

The pathologic cardiac findings in poliomyeli- 
tis are striking in their similarity to potassium 
deficiency ‘‘myocarditis’’; only perivascular 
infiltration was lacking in the latter. Further- 


JANUARY, 1953 


more, the myocarditis in poliomyelitis is non- 
specific and cannot be differentiated from that 
seen in other infectious diseases.** The etiology 
of this myocarditis has been attributed to viral 
origin “‘by the failure clinically to find any other 
satisfactory explanation and also by the pro- 
duction of similar lesions with human virus in 
suitable experimental animals, as well as by the 
demonstration of the virus in the human myo- 
cardium.”®* The virus was demonstrated in 
three of five human cases, in only one of which 
extensive myocarditis was present. Since the 
virus has also been isolated from skeletal muscle 
and blood, its recovery from the heart does not 
establish a priori evidence that the virus causes 
the myocardial damage. From a purely specu- 
lative standpoint, it would be worth considering 
the possibility that the changes in the myo- 
cardium which occur in poliomyelitis may be 
due in part to a metabolic cause, at least in the 
more severe cases in which potassium deficiency 
exists. This concept, we believe, is worthy of 
closer clinical and pathologic investigation and 
correlation. 


SUMMARY AND CONCLUSIONS 


1. The case presented demonstrates the 
significance of potassium depletion in severe 
bulbospinal poliomyelitis. : 

2. It is suggested that the myocardial and 
electrocardiographic changes which have been 
observed in poliomyelitis have a metabolic 
component. 

3. The use of serial electrocardiograms proved 
valuable in the detection and management of 
potassium deficiency and is recommended when 
the clinical course suggests a metabolic dis- 
turbance in this disease. 

4. In our opinion the observed episodes of 
gastrointestinal atony and dilatation, nausea 
and vomiting were due to potassium deficiency 
and contributed significantly to continued 
potassium loss, thereby establishing a self- 
perpetuating cycle. 

5. Potassium depletion of large magnitude is 
inherent in this cycle; hence therapy must be 
directed toward replenishing the total body 
stores, not at temporarily restoring serum 
potassium levels or reversing electrocardio- 
graphic changes. 

6. It is our opinion that potassium deficiency 
must be considered in the management of any 
patient seriously ill with poliomyelitis. 
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Morphology of Healed Tuberculous 


Meningitis Following Streptomycin Therapy 


SAMUEL M. JAcoBSON, M.D. and RALPH C. GREENE, M.D. 


Cumberland, Maryland 


LTHOUGH numerous cases of tuberculous 
meningitis clinically healed after strep- 
tomycin therapy have appeared in the 

recent literature, a careful review fails to disclose 
autopsy studies of completely resolved disease. 
Various stages of response to therapy, inter- 
rupted by death, have been subjected to 
histologic and gross examination but no descrip- 
tion of the pathologic findings after complete 
recovery, Clinical and anatomic, could be found. 
The purpose of this paper is to place on record 
an example of such a case, with subsequent 
death due to adrenal insufficiency. 

Feldman, Hinshaw and Mann,! using strep- 
tomycin in experimental tuberculosis, concluded 
that “‘although capable of striking deterrent 
effects in combating or preventing anatomic 
changes due to Mycobacterium tuberculosis, 
streptomycin in most instances exerted a sup- 
pressing rather than a sterilizing effect on the 
effecting agent.” Of the twelve patients with 
miliary tuberculosis with meningitis, later 
treated by them,? nine had clinical evidence of 
focal cerebral lesions of tuberculosis and in two 
these were demonstrated at necropsy. Later, 
Baggenstoss et al.* found that after streptomycin 
therapy tuberculosis lesions may heal in some 
organs while active progression occurred in 
others; and that although no evidence of menin- 
gitis could be found on the surface of the brain 
or spinal cord, widespread lesions were found 
in the brain proper. They postulated ‘‘a so- 
called pia-glial barrier’? which prevents strepto- 
mycin from reaching the brain. 

Bunn‘ believed that as a result of the gross 
and microscopic findings in eight of sixteen 
patients who died of tuberculous meningitis 
while undergoing streptomycin therapy the 
antibiotic had no effect on the progression of 
disease. All of these patients had similar findings 
at autopsy: active arachnoiditis; thick fibrinous 
exudate over the pons and medulla; epithelioid 
tubercles; infarcts due to thrombosis and 


Johnstown, Pennsylvania 


tubercles in the brain substance. In its con- 
temporary report the Council on Pharmacy and 
Chemistry of the American Medical Associa- 
tion® stated that “‘pathologic studies which are 
now in progress should add considerably to 
existing knowledge of the pathologic changes 
and pathogenesis of both pulmonary and 
meningeal lesions.’ Two years later it reported® 
that ‘‘pathologic studies of the brains of patients 
who died with tuberculous meningitis disclosed - 
destruction of the basal ganglia in 23 %, healing 
by fibrosis in 45 per cent and some degree of 
hydrocephalus in 75 %.”’ 

Tagliaferro,’ Berblinger® and Ascenzi and 
Benedetti? all agreed with Bunn‘*:'® that strepto- 
mycin is bacteriostatic but will not prevent dis- 
semination of the bacilli. Anatomic studies by 
Pana!! revealed recent and older tubercles and 
amorphous or partially organized exudate of 
non-specific character. The development of 
miliary tubercles was arrested outside of the 
nervous system, occasionally they were com- 
pletely fibrosed. Tackett and Lovejoy!” came to 
essentially similar conclusions after following a 
case for twenty-seven months with death from 
reactivation of meningeal tuberculosis. Like- 
wise, Pero and Reimann!* and Netsky, Ritter 
and Zimmerman" failed to find complete 
resolution in numerous autopsied cases. Ac- 
quilina,'® however, reported a patient with 
clinically cured tuberculous meningitis who was 
alive three years following the onset and well 
except for residuals of left eye blindness and 
slight weakness of the left leg. 


CASE REPORT 


A white, married, thirty-two year old railroad 
laborer was first seen by one of the authors 
(S. M. J.) on November 24, 1943. He com- 
plained of interscapular pain for over a year. 
X-rays revealed a fusiform mass in the posterior 
mediastinum. The lungs were clear. Cardiac 
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chamber visualization was incomplete. The 
mass was considered to be an aneurysm of the 
descending aorta. The blood pressure was 
110/60, serologic tests for syphilis were negative 
and the spinal fluid was normal. 

In January, 1944, the patient was inducted 
into the U.S. Navy. In March, 1944, he was 
hospitalized following an “injury.” The medical 
staff concurred at first in the diagnosis of aortic 
aneurysm but the final diagnosis was “‘tuber- 
culous arthritis’ involving the eighth and 
ninth dorsal vertebrae. There was now promi- 
nence of these dorsal vertebrae and the mass 
was considered to be a cold abscess. A PPD test 
was positive 1 plus, first strength; chest x-ray 
showed generalized miliary tuberculosis and 
repeated smears and cultures of the sputum were 
negative. He was discharged in May, 1944. 

On January 11, 1947, he was seen by one of us 
(S. M. J.) complaining of headache of three 
weeks’ duration. The temperature was 100.5°F., 
pulse 99, respiration 20. The next morning, 
after admission to the Memorial Hospital in 
Cumberland, Maryland, the temperature was 
103.6°F., pulse 100. He was comatose, irrational, 
had moderate neck rigidity, bilateral Kernig’s 
signs and a Brudzinski sign. Red blood count 


4,360,000, hemoglobin 84 per cent, white blood | 


count 8,200, polymorphonuclears 68, lympho- 
cytes 27, eosinophils 5. Urinalysis revealed 10 mg. 
albumin and a few white and red blood cells. 
The spinal fluid was clear, Queckenstedt’s sign 
negative, cells 244, lymphocytes 70 per cent. 
No pedicle formed after twenty-four hours and 
the smear was negative. However, the culture 
was positive for tuberculosis. X-rays of the dorsal 
spine revealed marked destruction of the body 
of the ninth dorsal vertebra. The lungs were 
‘essentially clear.” 

Streptomycin in divided doses, 3 gm. intra- 
muscularly and 0.2 gm. intrathecally, was 
administered daily for eighteen days. Then the 
dosage was gradually decreased until a total of 
244.5 gm. was reached. On January 20th he was 
completely rational. On February 14th his 
temperature was 102°F., spinal fluid cell count 
363 and he became delirious. On February 25th 
his temperature was 105°F., cell count 309, 
pulse rate rapid, tongue dry, neck rigid. He was 
irrational, unable to void, uncooperative and 
required an inlying catheter, intravenous glu- 
cose, protein, and vitamin supplements and 
sedation. However, by February 28th he was 
improved and rational with subsidence of all 
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Fic. 1. Enlargement of right ventricle. 


symptoms. On June 20th the spinal fluid was 
clear, containing 72 lymphocytes per cu. mm. 
Complete blood count and urinalysis were 
normal. He was completely deaf (however, there 
was a history of right ear deafness since child- 
hood). On June 23, 1947, he was discharged. 

On August 12, 1947, January 6, 1948, March 
22, 1949, and March 2, 1950, and February 26, 
1951, spinal fluid examinations were all nega- 
tive, including cultures and guinea pig inocula- 
tions. However, he complained of weakness, 
giddiness, deafness and headaches. He learned 
lip reading, sired two children and helped to 
build a small house for his family. At this point 
his case was included in Bunn’s report.* 

On April 18, 1951, symptoms of swelling of 
the feet, choking, dyspnea and orthopnea 
ensued. Examination revealed pitting edema 
of feet and ankles, cyanosis, and 2 plus fulness 
of the neck veins. The liver was felt five finger- 
breadths below the costal margin. There was 
protrusion of the sixth, seventh and eighth 
thoracic vertebrae and distant breath sounds 
at both bases. The pulse was 96 and the blood 
pressure (in the right arm) 86/52. Fluoroscopy 
revealed a large globular heart. Electrocardio- 
gram showed sinus tachycardia, right axis 
deviation and evidence of coronary and myo- 
cardial disease. 

He was admitted to the Newton D. Baker 
Veterans Administration Hospital in Martins-: 
burg, West Virginia, on April 21, 1951. Physical 
examination revealed a ‘“‘dusky” skin; cyanosis 
of the lips, conjunctivae and finger tips; dis- 
tended neck veins and moderate kyphosis. There 
were numerous moist inspiratory rales. The 
maximal cardiac impulse was over the xiphoid 
process, pulse rate 102 per minute and regular. 
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Fic. 2. Tuberculous destruction of adrenal glands. 


The first sound over the xiphoid was accentu- 
ated and was accompanied by a presystolic and 
a diastolic murmur. The blood pressure was 
108/70, there was two plus pitting edema of the 
feet and ankles, the venous pressure was 28 cm. 
(water). The liver was palpable three finger- 
breadths below the right costal margin and not 
tender. 

Admission fluoroscopy revealed an increase in 
the hilar shadows, straightening of the left 


_ cardiac silhouette, enlargement of the pulmo- 


nary artery and a small aortic knob. 

The admission red blood count was 4,850,000, 
hemoglobin 15 gm., hematocrit 48 per cent, 
white blood and differential counts were 
normal. The urine showed a trace of albumin. 
The serologic tests for syphilis in blood and 
spinal fluid were normal. There was no growth 
on culture.of the spinal fluid. The fasting eosino- 
phile count was 22, carbon dioxide combining 
power 45 vol. per cent, serum NPN 35 mg. per 
cent. The serum potassium was 5.6 mEq./L. 
Electrocardiograms suggested right ventricular 
hypertrophy. X-rays showed an enlarged cardiac 
silhouette with straightening of the pulmonic 
segment of the left auricle, increased hilar and 
pulmonic markings, irregularity of the eighth 
dorsal vertebrae and destruction of the body of 
the ninth dorsal vertebrae with marked spinal 
angulation. 

The patient was comfortable on admission 
and afebrile until death at which time his tem- 
perature was 100.6°F. rectally. Respirations 
varied from 30 to 50 per minute, pulse between 
80 to 110. He was put to bed rest and given a 
salt-free diet, digitalis and mercurial diuretics. 
On this therapy he lost 10 pounds in a week. 


Fic. 3. Renal cavitation. 


On April 26, 1951, after the insertion of a 
gastric tube for analysis, he was given 0.5 cc. 
of 14000 histamine phosphate subcutaneously. 
In ten minutes he became markedly cyanotic 
and dyspneic and developed pulmonary edema. 
He was promptly given oxygen by mask at the 
rate of 12 L. per minute and within five minutes 
the color of his skin was nearer normal than at 
any time since admission. Three minim of 
adrenalin chloride were given subcutaneously. 
His pulmonary edema cleared, although ano- 
rexia, nausea and vomiting continued. Forty 
mEq. of potassium chloride in 1,000 cc. of 5 per 
cent glucose were given on May 4th although 
he had no. electrocardiographic evidence of 
hypopotassemia. At this time it was noted that 
the right knee jerk and the Achilles reflex were 
absent. He became stuporous, dyspneic and 
died in one-half hour. 

The positive gross findings at autopsy were: 
marked dorsal kyphosis; adhesion of left visceral 
to the parietal pleura by dense adhesions which 
could be separated only with difficulty; dense 
firm lungs from whose cut surface abundant 
pink frothy fluid exuded; numerous flat sclerotic 
placques in both pulmonary arteries whose 
main branches were widened. The heart 
weighed 350 gm. and was enlarged on the right 
side. (Fig. 1.) The right ventricular wall was 
1 cm. thick, the left ventricular wall 1.2 cm. and 
the interventricular septum 1.5 cm. The 
capacity of the right ventricle was greater than 
the left ventricle. The foramen ovale was patent, 
1.2 cm. long; this, however, was a mere slit and 
there appeared to be a flap valve “‘guarded” 
effect of its original edge. The adrenals together 
weighed 35 gm., the right being larger than the 
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left but not markedly so. (Fig. 2.) They were 
irregular, nodular and firm on cut section 
which revealed a yellowish-grey caseous process 
replacing all cortical and medullary tissue. Each 
kidney weighed approximately 150 gm. and 
was slightly increased in width. (Fig. 3.) On 
cut surface each contained a multiloculated 
cavity, lined by several millimeters of yellowish- 
grey necrotic material, well walled off from the 
surrounding kidney tissue and not communicat- 
ing with the pelvis. The leptomeninges were not 
thickened except for a small area in the inter- 
peduncular region. There was no fluid or 
exudate. Numerous cross sections through the 
brain failed to reveal gross abnormalities. 

Microscopic examination revealed that in all 
areas of the lungs the vessels of the septi were 
congested and dilated and there was variable 
fibrosis. The arterioles and smaller arteries 
displayed intimal proliferation, hyaline de- 
degeneration and medial thickening. There were 
areas of peribronchial fibrosis with lymphocytic 
and polynuclear infiltration and collections of 
jet black anthracotic pigment. In scattered 
regions the alveoli contained reticuloendothial 
cells engulfing large brownish granules. The 
adrenal glands for the most part were destroyed 
and replaced by eosinophilic caseation necrosis 
but sparse “‘ghost-like” remnants of cortical cells 
appeared at the periphery just outside a zone 
of plasma cells, lymphocytes, fibroblasts and 
epithelioid cells. The walls of the renal cavita- 
tions were composed of a superficial layer of 
amorphous necrosis, fibrous tissue, and an out- 
side zone of lymphocytes, plasma cells and 
histiocytes with many new capillaries growing 
in. The surrounding renal tissue displayed 
interstitial fibrosis with varying degrees of 
tubular and glomerular degeneration and many 
hyaline casts. 

The skin of the thorax had flattened rete pegs 
and numerous brown granules were located 
perinuclearly in the basal cells. There were no 
chromatophores within the corium. The cerebral 
arachnoid was thickened and reduplicated and 
there was increased vascularity and fibrosis in 
the subarachnoid space. (Fig. 4.) The under- 
lying Virchow-Robin spaces were widened. 
The ganglion cells were well preserved with no 
significant evidence of neuronal destruction. 
This quiescent process was most evident over 
the base and barely visible over the vertex. 
There were no signs of activity. 


JANUARY, 1953 


Fic. 4. Arachnoidal thickening and fibrosis over 
cerebral cortex. 


COMMENT AND SUMMARY 


The literature concerning the treatment of 
tuberculous meningitis with streptomycin is 
briefly reviewed. No case of complete cure with 
follow-up necropsy (after death from other 
cause) could be found. Such a case with residua 


only of scarring and without evidence of - 


activity is presented. 
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Peripheral Neuritis from Tetanus Antitoxin’ 
Report of a Case Treated with Cortisone and ACTH 


FERDINAND FETTER, M.D. 
Philadelphia, Pennsylvania 


ERIPHERAL neuritis is, fortunately, a rare 
manifestation of serum sickness. Since the 
most frequently administered form of horse 
serum is prophylactic tetanus antitoxin, this is 
the most frequent cause of serum neuritis. 
However, the disease has been reported?! after 
the administration of other types of horse sera, 
including diphtheria and scarlet fever anti- 
toxins and antipneumococcic and antimenin- 
gococcic sera. According to Bennett? neurologic 
complications of serum sickness were first 
reported in France by Gardére and Gandolphe 
in 1908. Most of the early cases were reported 
from France, and Bennett states that there were 
seventy cases in the French literature by 1938. 
The first report from the United States was that 
of Richardson’ whose patient developed multi- 
ple neuritis after large doses of tetanus anti- 
toxin given for the treatment of severe tetanus. 
Another early American report was Wilson 
and Hadden’s! of six cases, four from tetanus 
antitoxin and two from diphtheria antitoxin. 
Doyle! reported two cases in 1933, one due to 
scarlet fever antitoxin and one due to tetanus 
antitoxin. Bennett’s 1939 report? included five 
cases that he had seen in a six-year period. 
Recent reports include those of Comroe and co- 
workers? of the first case of serum neuritis with 
involvement of the respiratory muscles, and of 
Fischer. ® 
All writers on the subject have noted the 
frequent involvement of the brachial plexus in 
serum neuritis, producing the Erb-Duchenne 
syndrome. According to Bennett? 80 per cent 
of cases recover completely within six months, 
while the other 20 per cent are left with residual 
muscle weakness and atrophy. Wilson and 
Hadden! regard serum neuritis as an anaphylac- 
tic phenomenon and attribute it to edema of the 
nerve trunks. 
Because of the rarity of the disease and be- 
cause this is, to my knowledge, the first case in 


which cortisone and ACTH were used, I am 
reporting the following case 


CASE REPORT 


D. B. M., a white male, aged twenty-seven 
years, stepped on a rusty nail in a barnyard at 
about 11 a.m. on August 12, 1951, sustaining a 
puncture wound of the ball of his right foot. 


He had been in the Army during World War 1 , 


and had received immunizing doses of tetanus 
toxoid, with the last booster injection in 1945. 
There was no history of sensitivity to horses or 
of other allergies, and he had never been given 
horse serum. He came to the Accident and 
Receiving Ward of Presbyterian Hospital at 
about 8 a.m. on August 13, 1951. Examination 
showed a puncture wound of the ball of the 
right foot which was cleaned and dressed. An 
intradermal sensitivity test to tetanus antitoxin 
was markedly positive. He was therefore given 
the 1,500 unit prophylactic dose of tetanus anti- 
toxin in ten divided doses of 150 units each at 
half-hour intervals. After the fifth dose he was 
also given 2 minims of 1:1000 solution of 
epinephrine hypodermically. Within an hour 
after completing the series of injections, he 
developed severe generalized urticaria, for 
which he was given 4 minims of 1: 1000 solution 
of epinephrine hypodermically and 40 mg. of 
benadryl intravenously. The hives subsided but 
quickly recurred, so he was admitted to the 
hospital where treatment consisted of intra- 
venous injections of calcium gluconate, hypo- 
dermic injections of epinephrine, benadryl by 
mouth and starch baths. He continued to have 
intermittent attacks of urticaria until August 15, 
1951. He was discharged from the hospital on 
August 16, 1951, with instructions to take bena- 
dry] if the hives recurred. 

He remained well until the afternoon of 
August 20, 1951, when he developed pain in 
the left upper arm and pain and swelling of the 


* From the University of Pennsylvania School of Medicine and the Presbyterian Hospital, Philadelphia, Pa. 
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left elbow. At 4 a.m. the next day he was 
awakened by severe pain in the right shoulder 
and right upper arm, and he was readmitted to 
Presbyterian Hospital later that morning. 
Examination showed pain and swelling of the 
left elbow and the right shoulder, with inability 
to abduct and elevate the right arm. There were 
also paresthesias of the right arm over the dis- 
tribution of the fifth and sixth cervical roots. A 
diagnosis of arthralgia and peripheral neuritis 
due to tetanus antitoxin was made. Treatment 
consisted of benadryl, 50 mg. four times a day, 
10 cc. of 10 per cent solution of calcium glu- 
conate intravenously daily, and codein sulfate 
in /4 gr. doses orally as needed for pain. How- 
ever, the disease process became progressively 
worse during the next twenty-four hours, and 
signs of peripheral neuritis appeared in the left 
arm also. Accordingly, cortisone was started 
the day after admission (August 22, 1951) in 
doses of 100 mg. by mouth three times a day. 
There was immediate relief of the signs and 
symptoms of the arthralgia, but there was only 
partial relief of the manifestations of bilateral 
brachial neuritis. Cortisone was continued 
orally in doses ranging from 100 to 200 mg. 
daily. Oral benadryl was continued, and large 
daily doses of vitamin B complex were given 
intramuscularly. On August 28, 1951, he was 
seen in consultation by Samuel B. Hadden, m.p., 
Neurologist to Presbyterian Hospital, who 
agreed with the diagnosis of serum neuritis with 
involvement of the fifth and sixth certical roots 
of the brachial plexus bilaterally. As compared 
with previous cases he had seen, Dr. Hadden 
thought that this patient had been materially 
benefited by cortisone, and that the relief of 
pain and rate of improvement were unusually 
gratifying. Moderate improvement continued 
but, since the patient was not entirely cured, 
ACTH was substituted for cortisone on Sep- 
tember 5, 1951, after a total dose of 2,700 mg. 
The initial dose of ACTH was 25 mg. intra- 
muscularly every six hours. This was gradually 
reduced to 5 mg. every six hours by September 
12, 1951, and was continued at this dosage until 
his discharge from the hospital on September 14, 
1951. The total dose of ACTH was 500 mg. 
During the administration of this drug there 
was further improvement, with decrease in the 
pain and in the paresthesias, and increase in the 
movements of his arms. 


Further improvement was maintained, and 
when he was last seen on December 27, 1951, 
there was practically complete recovery. Active 
immunization with tetanus toxoid was started 
on November 30, 1951, with an injection of 
0.5 cc. and this dose was repeated on December 
27, 1951. 


COMMENTS 


The continued occurrence of cases of periph- 
eral neuritis from tetanus antitoxin further 
emphasizes the advisability of universal active 
immunization with tetanus toxoid. This patient 
had received tetanus toxoid during his military 
service but, like the great majority of ex-service 
men, had not kept up his immunity with booster 
injections. When he needed protection against 
tetanus, he therefore had to receive tetanus 
antitoxin, which resulted in serum sickness and 
peripheral neuritis. An antihistamine drug and 
epinephrine helped relieve the symptoms of 
serum sickness, but they did not prevent the 
development of peripheral neuritis. Cortisone 
and ACTH did not prove to be a quick cure for 
this complication of serum sickness, but they did 
hasten recovery, and may have prevented 
permanent damage to the involved nerves, 
which occurs in 20 per cent of cases. They 
certainly merit further trial in similar cases. 


SUMMARY 


1. A case of bilateral brachial neuritis due to 
tetanus antitoxin is reported. 

2. Cortisone and ACTH were used in treat- 
ment with distinct benefit. 

3. The advisability of universal active im- 
munization with tetanus toxoid to obviate the 
need for prophylactic tetanus antitoxin is 
pointed out. 
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(BRAND OF METHALLENESTRIL) 


A NEW PRODUCT 


Clinical evidence indicates that much estrogen therapy is 
accompanied by a high incidence of unfortunate side actions 


such as withdrawal bleeding, nausea and edema. 


G. D. Searle & Co. presents VALLESTRIL........ 
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as an effective estrogenic substance with a strikingly low incidence 


of these undesirable side effects. 


VALLESTRIL is only available in 3 mg. scored tablets. 
For treatment of the physiologic or artificial menopause —3 mg. 
(one tablet) twice daily for two weeks. Then a maintenance dose of 
one tablet daily for an additional month or longer if symptoms 
require continued administration. 


*Trademark of G. D. Searle & Co. 
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AND THERAPEUTIC 
IN REGULAR USE BY 91% OF ALL DOCTOR 


Dramatic proof of the finger tip reference 
value of THE MODERN DRUG ENCY- 
CLOPEDIA and its bi-monthly supplement- 
ary service, MODERN DRUGS, comes direct 
from 3,000 of their 50,000 doctor and druggist 
users. Results of an independently* conducted 
reader-research effort show overwhelming de- 
pendence upon this quick reference service— 
complete from description to prescription for 
authoritative data on new ethical drugs. Com- 


THE MODERN DRUG ENCYCLOPEDIA 


is handsomely bound in red fabricoid. Contains 1500 
pages, size 6" x 9%" x 2%", POSTPAID, $15** 


$18 FOREIGN 
EDITED BY | 
MARION E. HOWARD, | MODERN DRUGS SUPPLEMENTS 
M.D., F.A.C.P. 3 are sent (beginning Jan. 1953) bi-monthly FREE to every 


_— University _ encyclopediasubscriber. Keeps you up-to-date between editions. 
- Complete with cumulative index for accurate reference to all 
new products therapeutically and alphabetically. 


DRUG PUBLICATIONS, INC. 


49 West 45th Street, New York 36, New York < 
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522 Modern Drug Encyclopedia and Th ic Index 


Adminietration : Orally, for adults rounded teaspoonful 
in glass of water, by another glass of 
daily; chillren weight Liberal amounts of liquid should be 
taken during day. 

Supply: METAMUCIL (C A.)—Powder—Packages, 4 02, 8 08, | Ib. 


METANDREN Androgen therapy (Cite) 
Chemical Name: 17-incthyltestosterone 


Formule: 


Description: The pure, synthetic, methyl ester of the steroid testosterone, with more 
in water, soluble in aleohol, ether and other organic sol 

Action and Uses: That of testosterone, potent androgen, i: inom fee ‘¢ form; in the 
male, stimulates growth of scx organs and dev lo of secondary scx char- 
acteristics in hypogonadal subjects in the female, 
suppressce menstruation, causes metrial hypoplasia, and eventually maseulini- 
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pletely rewritten, the new 5th Edition of 


THE MODERN DRUG ENCYCLOPEDIA 
lists nearly 4,000 ethical drugs (including 
1,500 brand new listings) of 175 manufac- 
turers. Each listing includes latest composition, 
action, use; supply, dosage, caution and contra- 
indication of the drug. Here is data that you, 


too, will find indispensable for saving time, 
without sacrifice of an authoritative source. 


FINGER TIP DESCRIPTIONS 
AUTHORITATIVELY COMPILED IN 
SEVEN SPECIAL SECTIONS 


e Drugs 

Biologicals 

e Allergens 

e General Index 

e Therapeutic Index 

e Manufacturer’s Index 


featuring for the first time 


DRUG PUBLICATIONS, INC. 

49 West 45th Street, New York 36, New York 

Enclosed is the sum of fifteen dollars ($15**U.S.A.) for which please send 
me postpaid the new Fifth Edition of THE MODERN DRUG ENCYCLOPEDIA 
AND THERAPEUTIC INDEX and MODERN DRUGS. (New York City resi- 
dents please add 3% for sales tax.) 


: METANITE WITH PHEN 


With new drugs ond Siesalions coming with in- 
creased frequency and volume, a book such as Modern 
Drug Encyclopedia is indispensable. 


New York, New York 


I have owned every edition of your encyclopedia 
except the first. Would have bought it but did not 
know this book was printed. If the physicians of 
this country and Canada and some of the foreign 
countries knew its value, you would have been able 
to sell twice as many or more books per year. 


Memphis, Tennessee 


I like Modern Drugs because it gives honest pharma- 
cological information; because it frequently gives 
contra-indications and dangers; because it describes 
members of a similar group in similar or identical 
terms. I would find it hard to practice without it. 


Green Bay, Wis. 


I have Modern Drug Encyclopedia and use the 
journal as supplement, thus at my finger tips I have 
information on new drugs. 

York, Pa. 


I don’t see how a physician can know what other 
physicians prescribe for patients without this. It is 
an almost indispensable (not quite) adjunct to my 
practice. 

Washington, D.C. 


I find the bound book (present 5th Edition) most 
valuable. 
White Plains, N.Y. 


One of my most valuable books and used more often 
than any other that I have. 
Lincolnton, N.C. 


M.D. 
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e Self Pronouncing Drug Listings | appress 
Generic Name Index city 
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*AUDIENCE ANALYSTS, Phila., Pa. 


**includes three-year supplementary service at $3 per year. 
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INDICATIONS: 


DOSAGE: 


TRADE MARK 


(ERYTHROMYCIN, ABBOTT) 


E specially effective against gram-positive 
organisms resistant to other antibiotics. 


Low toxicity; gastrointestinal disturbances 
rare; no serious side effects reported. 


Special “high-blood-level” coating. 
Erythrocin, 0.1-Gm. (100-mg.) Tablets, bottle of 25. 


Pharyngitis, tonsillitis, scarlet fever, erysipelas, pneumococcic pneu- 
monia, osteomyelitis, pyoderma. Also other organisms susceptible 
to its action, which include staphylococci, streptococci, pneumococci. 
H. influenzae, H. pertussis, and corynebacteria. 


Total daily dose of 0.8 to 2 Gm., depending on severity of the infection. 
A total daily dose of 0.4 Gm. is often adequate in the treatment 

of pneumococcie pneumonia. For the average adult an initial 

dose of 0.1 to 0.4 Gm. is followed by doses in the same range every 
four to six hours. For severely ill patients doses up to 0.5 Gm. may 
be repeated at six-hour intervals if necessary. Satisfactory clinical 
response should appear in 24 to 48 hours if the causative organism 
is susceptible to ERYTHROCIN. Continue for 

48 hours after temperature returns to normal. Abbott 


1. McGuire et al. (1952), J. Antibiotics & Chemo., 2:281, June. 
2. Heilman et al. (1952), Proc. Staff Meet. Mayo Clin., 27:385, July 16. 
3. Haight and Finland (1952), New Eng. J. Med., 247:227, Aug. 14. 
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in the blended 
diuretic regimen 


In the long-term regimen, Calpurate 
meets the clinical need for moderate 
diuretic action, sustained effective- 
ness,,and minimal toxicity. 
Calpurate also promotes in- 
creased cardiac output. 


Calpurate is the chemical com- 
pound, theobromine calcium 
gluconate... unusually free 
from gastrointestinal and oth- 
er side effects... does not con- 
tain the sodium ion. 


to ‘lighten the load’ in 

congestive heart failure 

Calpurate is particularly 
indicated: 


when edema is mild and renal 
function adequate... 


_ during rest periods from digitalis 
and mercurials... 
_where mercury is contraindicated or sen- 
sitivity to its oral use is present... 
for moderate, long-lasting diuresis in 
chronic cases. 


T the moderate, 
p U e non-toxic diuretic 


MALTBIE LABORATORIES, INC. - NEWARK 1,N. J. 


SUPPLIED: Calpurate Tablets of 500 mg. (74% gr.) 
Calpurate Powder 


Calpurate with Phenobarbital Tablets— 
16 mg. (4 er.) phenobarbital per tablet 
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Now congestive heart failure, bronchial and car 
; diac asthma, status asthmaticus and paroxysmal 
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A New Mosby Book! 


Hansel’s 


CLINICAL ALLERGY 


A complete presentation on general allergy— 
with practical appeal for every one in medicine. 


The whole problem of the allergic patient 
with hay fever, bronchial asthma, urticaria, 
eczema, contact dermatitis, headache, and other 
manifestations is presented with a new method 
of approach by which local and constitutional 
reactions may be avoided when the injection of 
various allergenic agents is necessary. Simplified 
methods of treatment of hay fever and the reac- 
tions to antibiotics which are commonly en- 
countered will be of particular interest to the 
general practitioner and the pediatrician. 


Five chapters are devoted to the specific prob- 
lems in allergy as related to infants and chil- 
dren. They concern the respiratory and gastro- 
intestinal tracts, and the various dermatologic 
conditions of allergic origin. 


One of the most marked advances in therapy 
—hbased upon the principle of the “small or 
optimum dosage’’— is presented for the first time. 
This therapy is particularly helpful in the man- 
agement of the problem of desensitization or 
immunization of the patient to pollens, house 
dust, miscellaneous inhalants, pathogenic molds, 
vaccines and other agents. It has also been espe- 
cially effective in the use of the extracts of the 
pathogenic molds such as trichophyton, spider- 
mophyton, and monilia. 

Allergic headache, migraine, and _histaminic 
cephalalgia are now recognized as definite and 
distinct types and the newest therapy in their 
management is presented. Cardiovascular allergy 
is covered—especially as it is related to the use 
of tobacco. 


By FRENCH K. HANSEL, M.D., M.S., Director, Hansel Foundation for Education and Research in Allergy; 
Chief of Allergy Service, DePaul Hospital, St. Louis. 1005 pages, 86 illustrations (3 in color). Price, 


$17.50 
Published by— 


3207 Washington Blvd. 
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Dilaudid hydrochloride 


(dihydromorphinone hydrochloride) 


COUNCIL ACCEPTED 


Powerful opiate analgesic - dose, 1/32 grain to 1/20 grain, 
Potent cough sedative - dose, 1/128 grain to 1/64 grain. 
Readily soluble, quick acting. 


Side effects, such as nausea and constipation, seem less 
likely to occur. 


An opiate, has addictive properties. 


Dependable for relief of pain and cough, not adminis- 
tered for hypnosis. 


® Dilaudid is subject to Federal narcotic regulations. Dilaudid, Trade Mark Bilhuber, 
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Announcing— 


The American Journal 
of Medicine 


FIVE YEAR INDEX 


July 1946 through June 1951 


This new subject and author index 
provides an invaluable aid for quick 
reference and review purposes to 
8,250 text pages. 


Price Postpaid 


$2.50 U.S.A. 
$3.00 Foreign 


Printing Limited—Order Today 


FORM 


The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 


Please send me the new Five Year Index to 
The American Journal of Medicine for 
which I enclose $2.50 U.S.A.—$3.00 Foreign 


(New York City residents, add 3% sales tax) 
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Chloride BRAND 
HEXAMETHONIUM CHLORIDE 


The new hypotensive agent for the treatment of 
severe hypertension 


oral—2 strengths 


‘Hexameton’ Chloride 
Compressep, 250 mg. and 500 mg. 
Both strengths are scored to facilitate subdivision 


Bottles of 100 and 1000 


parenteral — subcutaneous 


*‘Hexameton’ Chloride 
INJECTION 


Each ce. contains 25 mg. hexamethonium ion 
Equivalent to 33.8 mg. hexamethonium chloride 


Multiple-dose vials of 10 cc. 


*Formerly known as ‘Hexamethon’ Chloride 


Write for detailed information to... ; 


bral BURROUGHS WELLCOME & CO. (U.S. A.) INC., Tuckahoe 7, N. Y. 
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In throat infections— 


Bacitracin and Tyrothricin 
are far better together 


In vitro studies demonstrate bacitracin caine, which promptly soothes inflamed 
and tyrothricin together are many times _ tissues and rapidly relieves the irritation 
more effective than either antibioticalone. | and discomfort of the throat. 

TRACINETS® Troches also contain benzo- Sharp & Dohme, Philadelphia 1, Pa. 


Number of Remaining Viable Bacteria 
10.000, 000 
Bacitracin Alone 
1.000.000 
3 
100, 000 
10,000 
1000 Bacitracin and 
Tyrothricin Together 
Time in hours Thhr. 
TRACINETS are particularly useful in combating mild, The potentiating effect of tyrothricin 
afebrile infections of the oropharyngeal area. and bacitracin together (as combined 


in TRACINETS Troches) is dramatic. 


SHARP 
DOHME 


BACITRACIN-TYROTHRICIN TROCHES 


Pleasant-tasting TRACINETS contain bacitracin, 50 Use of these potent, topical antibiotics obviates the 
units, tyrothricin, 1 mg. and benzocaine, 5 mg. danger of sensitizing the patient to antibiotics that 
Supplied in vials of 12 Troches. are usually employed for systemic effect. 
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the most widely used 


ethical specialty for 


care of the infant’s skin 


Decisive studies}? 
substantiate over 25 
years of daily clinical 
use regarding the ability of Desitin 
Ointment to...... protect, soothe, 
dry and accelerate healing in... 


e diaper rash e exanthema 
e non-specific dermatoses 

e intertrigo prickly heat 
e chafing irritation 


(due to urine, excrement, chemicals or friction) 


Desitin Ointment is a non-irritant blend of high 
grade, crude Norwegian cod liver oil (with its 
unsaturated fatty acids and high potency vita- 
mins A and D in proper ratio for maximum effi- 
cacy), zinc oxide, talcum, petrolatum, and lanolin. 
Does not liquefy at body temperature and is not 
decomposed or washed away by secretions, exu- 
date, urine or excrements. Dressings easily 
applied and painlessly removed. 


Tubes of 1 0z., 2 oz., 4 0z., and 1 Ib. jars 
write for samples and literature 


DESITIN cuemicat company 


70 Ship Street © Providence 2, R. I. 


1. Heimer, C. B., Grayzel, H. G. and Kramer, B.: Archives of 
Pediat. 68:382, 1951. 

2. Behrman, H. T., Combes, F. C., Bobroff, A. and Leviticus, 
R.: Ind. Med, & Surg. 18:512, 1949, 
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new, fast-acting analgesic 


containing acetyl-p-aminophenol 


Because of its content of acetyl-p-amino- us 
phenol, Trigesic quickly raises the pain 
threshold and provides rapid, sustained | 
relief of pain. A definite rise in pain thresh- mer 
old occurs within 30 minutes and anal- e 
_ gesia is maintained for about 4 hours. 

~’ Trigesic is for relief of pain in common : 
colds, grippe, dysmenorrhea, premenstrual is 
. tension, sciatica, simple headache, after : 
-., ,dental extractions and minor surgery, 
‘rheumatism, migraine, sinusitis, bursitis, 
myositis and pains of neuropathic origin. 


SS 0.125 Gm. (2 gr.) acetyl-p-aminophenol, 0.23 Gm. fs 
(3% gr.) aspirin, 0.03 Gm. (% gr.) caffeine. Bottles é 


of 100 and 1,000 white, scored tablets on prescrip- : 
tion only. 


Trigesic with Codeine, per tablet: 


16 mg. (% gr.) or 32 mg. (% gr.) codeine phos- Pa 
phate in addition to the other ingredients. Bottles 
of 100 and 1,000 pink, scored tablets on prescrip- 
tion only. 


TRIGESIC 


Squibb Analgesic Compound 


SQUIBB 


*TRIGESIC’ IS A TRADEMARK OF E. R. SQUIBB & SONS 
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FOR YOUR Rx ONLY—This simple yet notably 
effective new treatment for seborrheic derma- 
titis of the scalp is SELSUN Sulfide Suspension. 
With SELSUN, a six-week treatment will usually 
restore the scalp to a healthy, scurf-free condi- 
tion; then applications at intervals of one to 
four weeks will control both scaling and itch- 
ing for most patients. Applied while washing 
the hair, then rinsed out. Leaves scalp clean 
and odorless, won't stain clothing or linens. 
CLINICAL TRIALS! with 400 patients showed 
SELSUN to be effective in 81 to 87 percent of 
all cases of seborrheic dermatitis of the scalp, 
and in 92 to 95 percent of cases of common 
dandruff. Itching and burning usually stopped 
after the first two or three applications. Many 
of the cases had failed to respond to other 
methods of treatment. 

TOXICITY STUDIES!:? showed SELSUN had no ill 
effects when used externally as recommended. 
An ethically promoted product, SELSUN is dis- 
pensed only on the prescription of a physician. 


At pharmacies in 4-fluidounce 
bottles, with tear-off labels. Obbott 


SELSUN 


TRADE MARK 


SULFIDE 


(SELENIUM SULFIDE, ABBOTT) 


NOTE: Federal law prohibits dispensing without 

prescription. 

1. Slinger, W. N., and Hubbard, D. M. (1951), Arch. 
Dermat. & Syph., 64:41, July. 

2. Slepyan, A. H. (1952), Ibid., 65:228, February. 

3. Ruch, D. M. (1951), Communication to Abbott Lab- 
oratories. 1-59 


: 


Brand of Alkavervir 


Stearns, N. S., and Ellis, L. B.: Acute Effects 
of Intravenous Administration of a Prepara- 
tion of Veratrum Viride in Patients with 
Severe Forms of Hypertensive Disease, New 
England J. Med. 246:397 (Mar. 13) 1952. 


Kauntze, R., and Trounce, J.: Treatment of 
Arterial Hypertension with Veriloid (Vera- 
trum Viride), Lancet 2:1002 (Dec. 1) 1951. 


Wilkins, R. W.: Recent Experiences with 
Pharmacologic Treatment of Hypertension, in 
Bell, E. T.: Hypertension, A Symposium, 
Minneapolis, Univ. Minn. Press, 1951, p. 492. 


Kauntze, R.: Medical Treatment of Hyperten- 


sion, Proc. Royal Soc. Med. 45:276 (May) 1952. 


For Rapid Response in 


Hypertensive States Accompanying 
Cerebral Vascular Disease 


Malignant Hypertension 
Hypertensive Crisis (Encephalopathy) 
Toxemias of Pregnancy 
Pre-eclampsia 


Eclampsia 


In SEVERE hypertensive states in which 
prompt relief of distressing symptoms is im- 
perative or in which continued elevation of 
arterial tension may become life-threatening, 
the parenteral solutions of Veriloid offer a 
valuable means toward these therapeutic ob- 
jectives. They are contraindicated only in 
pheochromocytoma, aortic coarctation, digi- 
talis intoxication, and high intracranial pres- 
sure not secondary to hypertension. 


Since the parenteral solutions of Veriloid are po- 
tent hypotensive agents, physicians should famili- 
arize themselves thoroughly with their actions and 
details of dosages and administration, as presented 
in the leaflet packed with each ampul. 


Original Research Products of 


RIKER LABORATORIES, INC. 


8480 BEVERLY BLVD., LOS ANGELES 48, CALIF. 


eriloid 


the “Parenteral Solutions o 
Va 
: 
SOLUTION CULAR VERILOIP 
INTRAMU uscle, 4 
deep into the 
te dose attains to 90 
hypotensive respo ated injection 
3 to de ressed 
INTRAV dilution slowly 
by vein, reduces poth 
Veriloid d diastolic 
systolic ex of minutes 
sures in soatt control of the 
within the CO” emer- 
entirely ‘This valua to 
physicia® grequently prove 
e- 
: 


A MONTHS AVERAGE BLOOD 


PRESSURE UNDER MILD SEDATIO 


"AVERAGE BLOOD PRESSURE 


BLOOD PRESSURE (mm. Hg) 


WEEKS OF TREATMENT 
DAILY DOSE OF VERILOID, 9 mg. 


The therapeutic effect of Veriloid shown above was reported by 
Kauntze and Trounce in Lancet, December 1, 1951. As with all 
other hypotensive drugs, not every patient will respond equally 
well. But diligent patient supervision, careful adjustment of dosage 
and modus vivendi, and the safety factor inherent in the side actions 
of Veriloid will produce similar results in a goodly percentage of 
patients, a percentage high enough to merit the use of Veriloid in 
every case of hypertension, for a period long enough to determine 
the patient’s response. 


Veriloid is available in three do- 
sage forms: Veriloid (plain) in 1, 
2, and 3 mg. scored tablets; dosage 
9 to 15 mg. daily.*** Veriloid with 
Phenobarbital (Veriloid-VP), each 
scored tablet presenting Veriloid 2 
mg. and phenobarbital 15 mg. ##« 
Veriloid-VPM, each scored tablet 
containing Veriloid 2 mg., pheno- 
barbital 15 mg., and mannitol hex- 
anitrate 10 mg. Initial recom- 
mended dosage for VP and VPM, 
1 to 114 tablets t.i.d. or q.i.d. 


RIKER LABORATORIES, INC., 8480 BEVERLY BLVD., LOS ANGELES 48, CALIF. 


LITHO IN U.S.A. 
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more than 
ANALGESICS ? 


There is significant evidence that salicy- 
lates, through action on the hypothalamus, stim- 
HYPOTHALAMUS ulate the pituitary, producing an ACTH-like 

: effect on the adrenal cortex.* 


This new concept of salicylate action ex- 
plains many of the clinical results obtained with 
salicylate therapy in the treatment of arthritides 
and rheumatic afflictions—observed results that 
cannot be attributed to analgesic action alone. 


MASSIVE DOSAGE 


To obtain maximum resu!ts, high salicylate 

j blood levels are required. This means high oral 

dosage—in the order of 60 to 120 grains (4 to 8 

Gm.) a day. This massive salicylate dosage 

can be attained, without excessive gastric dis- 
turbance, by using Salcedrox. 


Salcedrox virtually eliminates gastric dis- 
turbance, because of the protective combination 
with activated aluminum hydroxide and cal- 
cium carbonate. 


Salcedrox also contains a high dose of vita- 
min C, because it has been observed that rheu- 
matic and arthritic states show vitamin C defi- 
ciencies, and salicylate therapy has a tendency 
to intensify depletion of vitamin C. 


*Proceedings Soc. Exp. Bio. Med., 1952, v80, 51-55, 
G. Cronheim, et al. 


4 
PITUITARY } f 


FORMULA 
Sodium Salicylate_--5 gr. (0.3 Gm.) 
Aluminum Hydroxide Gel, 
(eas 2 gr. (0.12 Gm.) 
Calcium Ascorbate._} gr. (60 mg.) 
(equivalent to 50 mg. Ascorbic 
Acid) 
Calcium Carbonate. .1 gr. (60 mg.) 


Write for Professional Sample &, 


BRISTOL, TENNESSEE 
Literature 
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Beplete 


VITAMINS B-COMPLEX WITH PHENOBARBITAL WYETH 


For the many patients who 
complain of nervousness, 
chronic fatigue, lassitude, 

and anorexia 


in the absence of 
discernible organic 
cause... 


\ 
TTT 


CLINICEE PATEPII 


BEPLETE exerts a tranquilizing effect and provides 
the important benefits of high dosage Vitamin B 
supplementation. Available as a highly palatable 
Elixir, and as Tablets. Also available, BEPLETE with 
BELLADONNA for combined antispasmodic-sedative 


action; Elixir and Capsule forms. 
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ANTACID AND BUFFERING ACTION SEDATION SPASMOLYSIS 


to counteract corrosive to stabilize emotional to relieve smooth 
acidity. tension and anxiety. muscle spasticity. 


Donnalate incorporates the pharmacological features _bital, 0.052 mg. hyoscyamine sulfate, 0.01 mg. atro- 
of both Robalate (for peptic ulcer) and Donnatal (for pine sulfate, and 0.003 mg. hyoscine hydrobromide 
spasmolysis). Each Donnalate Tablet contains 0.5 Gm. (the equivalent of one Robalate tablet plus one-half of 
dihydroxy aluminum aminoacetate, 8.1 mg. phenobar- one Donnatal tablet). 


ROBINS Co., INC. * Ethical Pharmaceuticals of Merit since 1878 * RICHMOND 20, VIRGINIA 


AAS 


50 


For All These 
Nutritional Benefits... 


i , i Fresh Fruit Strained 
Fresh Fruit, Strained i 
Constituents Juice peeled Juice 
; Inositol 400.0 mg. 200.0 mg. 
Biotin. 0.004 mg.| 0.002 mg. 
Folic acid 0.004 mg.| 0.002 mg. 
Fat Flavonoids (vitamin 1.0 Gm. 0.1 Gm. 
Minerals (total ash) 0.5 Gm. 0.4 Gm. 
Sucrose segue csi — Calcium 50.0 mg. 11.6 mg. 
Protopectins and Pectin 1.0 Gm? 0.1 Gm. Phoaphores 30.0 mg. 20.0 mg. 
Citric acid 1.0 Gm. 1.0 mg. 0.25 mg. 
Malic acid 0.1 Gm. 0.1 Gm. Sodium 9.0 mg. 6.0 mg. 
Carotenes (pro-vitamin A) 0.16 mg. Potassium 150.0 mg. | 170.0 mg. 
Thiamine (vitamin B;)} 0.085 mg. Magnesium 10.0 mg. 13.0 mg. 
Riboflavin 0.032 mg. Sulfur 10.0 mg. 8.0 mg. 
Niacin 0.24 mg. Chlorine rf 6.0 mg. 6.0 mg. 
Pantothenic acid 0.21 mg. Alkalinity of ash, expresse 
Pyridoxine 0.08 —~ as K,CO; 0.3 Gm. 0.3 Gm. 


cysteine, proline, and glutamic, aspartic and gamme- 
aminobutyric acids. Glutathione is also present. 
Underwood, J.C.,and Rockland, Food Research, in press. 


Miner Laboratories, Chicago, tlincis. (1952) 
Davis, Ww. 8.. Determination of | in Citrus Fevits 
Shem. 19:476 Uuly) 1947. 


California navel oranges, 
available all winter, are 
the world’s finest eating 
oranges—no seeds, rich in 
flavor and vitamins. Easiest 
to peel, slice and section. 


All others from fig ures ‘taken from the literature 
compiled by Sesecrch Department, Sunkist Grower 

_ known fissue distribution figures, oppropriat adjustme 
hove been made to reflect the composi 

edible portion 


Eat An Orange...Whole... EVERY DAY 


Good For You and Your Patients, too 


America’s nationwide habit of a glass of orange juice at break- 
fast is well founded nutritionwise. Orange juice remains the 
most practical and pleasant way of insuring an adequate daily 
intake of vitamin C. However, valuable nutrient factors of the 
whole fruit are left behind when the juice is extracted. 

The table shown above delineates the nutritional contribu- 
tion of the whole fruit, properly peeled so as to retain what 
naturally clings of the albedo, the white inner peel. Virtually 
every essential in human nutrition is represented. 

Noteworthy is the whole fruit’s content of protopectins, 
which are found principally in the albedo, the membranes 
enclosing the juice sacs and segments, and the fibrovascular 
bundles. These nonnutritive complex carbohydrates, con- 
verted to pectin in the stomach, enhance many physiologic 
mechanisms. Through their colloidal, chemical and antibac- 
terial properties, they help to maintain a desirable intestinal 
environment, to promote better absorption of vitamins and 
minerals, and to effect more normal evacuation. 


Sunkist Growers ¢ — Los Angeles 54, California 


Sunkist 
California: Grizona Oranges 


ay 
Bas 
eee 
Approximate Typical Analyses of Edible Portion and duice California Granges. 
G 
m. of fresh weight. 
eng 
on 
3 
SS 
ne 
4, 
x 
a 


ROUTINE THERAPY FOR INTERNAL HEMORRHOIDS : 
For the vast majority of cases of internal which this product enjoys, furnishes . Z 
hemorrhoids requiring conservative definite evidence of its value in this ie 
treatment, the employment of RECTAL condition—particularly so when prompt = 
MEDICONE appears clearly indicated. symptomatic relief is vital for the com- 
The enormous prescription demand fort and well-being of the patient. 
MEDICONE COMPANY: 225 VARICK STREET* NEW YORK 14, N.Y. 
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you don’t experiment in 


More than 10 years of research, plus 


experience of practice in thousands of 


cases, are combined to bring your hyper- 


tensive patients the best therapeutic 
benefits of Veratrum viride when you 


prescribe Veratrite®. 


These benefits are (1) prolonged fall in 
both systolic and diastolic blood 


pressure without postural hypo- 
tension; (2) improved circulation 
to vital organs; (3) effective con- 
trol of patients through years of 
sustained therapy; (4) complete 
safety with simplicity and economy 


of administration. 


Each tabule contains: 


Whole-powdered Veratrum Viride 
(Irwin-Neisler) . . . 40 C.S.R.* Units 


Sodium Nitrite............ 1 grain 
Phenobarbital........... grain 
*Carotid Sinus Reflex 


Veratrite 
: IRWIN, NEISLER & COMPANY ¢ DECATUR, ILLINOIS 
Kesearch le Sewe Your Pracitice 
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FOR 
THE 
FIRST 
TIME 


aqueous natural vitamin A in capsules 


AQUASOL A CAPSULES advantages: 

is the first and only product to provide | aa, ti 
water-soluble natural vitamin A er 
in capsules ... and is made by the “oil- | 80% less excretion 
in-water” technique developed in _ 85% higher liver storage 
the Research Laboratories of the U. S. indications: 
Vitamin Corporation (U.S. Pat. 2,417,299). 

for more rapid, 

more effective therapy 

in all vitamin A 


deficiencies ... particularly 
those associated with 


conditions characterized 
CAPS | LES by poor fat absorption 


AQUASOL 


(dysfunction of the 
liver, pancreas, biliary 
tract and intestines; 
celiac and other 


25,000 u. s. Pp. units 
natural vitamin A per capsule Proven effective in 
...in water-soluble form ACNE and other dermal 
50,000 u.s. p. units lesions responsive to 


natural vitamin A per capsule : high potency vitamin A. 
...in water-soluble form 


Bottles of 100, 500 and 1000 capsules 


Samples upon request 


u. s. vitamin corporation 


casimir funk laboratories, inc. (affiliate) 
250 east 43rd st. » new york 17, n.y. 
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ACTERIAL POLYSACCHARIDE) 


aA for the effective control 
“ef a wide variety of ALLERGIES 
and DERMATOSES 


Every day more physicians are discovering the early 
clinical benefits effected by the administration of Piromen, 
employed either as a specific, 
or concomitantly with other drugs. 


Piromen is a biologically-active bacterial polysaccharide 
which produces a marked leucocytosis and a stimulation 
of the reticulo-endothelial system. It is nonprotein, 
nonantigenic, and may be employed safely 
within a wide range of dosage. 
Piromen is prepared in stable colloidal dispersion 
for parenteral use. It is supplied in 10 cc. vials containing 
either 4 gamma (micrograms) per cc., or 10 gamma per cc. 
For a comprehensive booklet detailing the use 
of this new therapeutic agent, 
merely write ““Piromen” on your Rx and mail to— 


 TRAVENOL LABORATORIES, INC. | 


Subsidiary of BAXTER LABORATORIES, INC., MORTON GROVE, ILLINOIS 
*Trade Mark 
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Abbott 
Ames Company, Inc. 
The-Armour Laboratories 


Ayerst,; McKenna & 


Corp. 
Brewer & Co., Inc. 


* 


Ciba Pharmaceutical sine. 


Crookes Laboratories, Ine. . 
Desitin Chemical Corp. 
"Drug Publications, Inc. 
°C. B. Fleet Co., Inc. 
Florida Citrus Corninission 
Geigy Co., Inc. . 
Ho mang, LaRoche, fac 
Irwin, Neisler & Coe 
Laboratories, Inc... 
‘Thomas Leeming & Co., Inc. 
Elilily&Co. . 
Maltbie Laboratorics, Inc. 
‘The S. E. Massengill 
~ Medicene Company® 
Merck Go., Inc. 
The Ge V..Mosby Co. 
Parke, Davis & Co. . 
’ Chas. Pfizer & Co., ine. 
Riker Laboratories, Inc. 
A. H. Robins Co., Ine. 
H. Rorer, Inc. . 
. Sandoz Pharmaceuticals 
Schenley: 
Schering Corp. . 
Schieffe & Co. 
G. DiSearle & Co. 
Sharp & Dohme, Inc. 
Sherman Laboratories 
Re Squibb & Sons 
J. Strasenburgh Co. 
Sunkist Growers . 


‘Warner-Chilcott Laboratories 
lacie: 


8, 29, 36, 46 


Insert. Facing Page 24. 


14 
Ble 
17; Back Cover 
December 
34-35 


Facing Page 19. 
41, 52. 

30 
Facing Page § 
December’ 


* 


Decembe: 
December 
December 


10-11, 


25 
“December 


45. 


Hydrochloride 
of Sydralazine bydrochiorids) 


for Conivol 


better individualization of dosage with 

+ Apresoling, a mew, 10-ing. tablet has been 

added the 23-mg. and 50-mg. potencies. 
Apsesoline is a relatively safe, single anti- 


with minimal side effects, pro- 


viding beneats in many cases—complete contro! 


in some. that Apresoline 


used in severe hyperteasion and ip those mild 
hypertensive patients who have not been ade- 
quately controlledsby ‘conventional répimens 
‘diet, sedation: rest, etc.). The 
considerations are important: 

Effertive in essential with 


relatively fed Jevels, carly malignant hyper-. 


tension, toxemias of pregnancy, and a at te 


_ Indices gradual and sustained of 
blood pressure with no dangerous, sbrupe fall 
of oral administration. 

Affords uniform rate of abcorpeipa 


marked antihypertensive effectiveness. 


Increases renal plasma flow in marked con: 


ttast to the decrease associated with other hypo- ! 
tensive drugs. 


Produces sipnificant relaxation oF cerebral 


Wastular cone withqne in bh 
flow. 


Sidé aré and disa 


pear as therapy is continued. 


Complete taformation regarding manner of use ¢linical application availeble én request, 


Pharmacentical Produgss Summit, New Jones 


